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PREFACE. 



It is no mitigation of an author's feraeiity in pub- 
lishing, that he can say for himself he had no inten- 
tion, when collecting and arranging his materials, of 
ever submitting them to the eye of the public, or of 
provoldng criticism by his speculations. Certain it 
is, however, I have often, and with severity at times, 
questioned myself as to the propriety of my geologi- 
cal pursuits, my ardent love of them, and their com- 
patibility with the strict discharge of professional duty. 
My answer generally was, I sought not these things 
of themselves ; they were hung up and displayed be- 
fore me, wherever I went on pleasure, on business, 
or on duty. I simply inquired after their names ; 
and of ail the geological phenomena that have passed 
under my review, I can safely af&rm of them, in their 
darkest, deepest places, they have uniformly led me 
"from nature up to nature's God," and have inscrib- 
ed upon them in brightest characters — Benediotum sit 

NOMEH Dbi. 

(iii) 
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How often, I have argued, in the lei8iu"e hours of 
life do we find men idling away their time, wasting it 
in vain talk, or consuming it in the most trifling 
pursuits, when a most interesting branch of science 
can be learned by wandering over the gi-een fields, 
the rocky dell, the momitain side, or by the walk 
at even-tide, and there to hold converse "with the Ore- 
atort works and the records of his will? I have re- 
called the list of great and good men, wLose names 
are impenshably connected with the science of geo- 
logy, who have given much of their time to these re- 
searches, and who have reaped laurels from their dis- 
coveries. Can Buckland, Oonybeare, Sedgwick, Sum- 
ner, Smith, Fleming, and Chalmers — all either ex- 
plorers or expositors — and other eminent divines, 
have been engaged in improper pursuits, or have 
given the sanction of their authority to tenets and 
views connected with the scheme of nature that do 
not accord with the religious principle? Often on such 
occasions have I dwelt upon, and compared with my 
own hmnble pursuits, the lofty and impassioned do- 
aeriptions of the Psalmist, where, sometimes in a sin- 
gle piece, he takes a magnificent sweep of the great 
master-keys of creation — the foundations of the stead- 
fast earth — the course of the fluid waters — the revo- 
lutions of the sun and moon—the vicissitude of the 
8 — the habits and instineta of the lower ani- 
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mais — the earthquake and volcano — and all recited 
as demonstrations of Divine -wisdom and goodness, 
and all calculated to awaken and to si^tain the de- 
votional feelings of the heaa-t. 

Having, under the influence of such impressions, 
ga.thered, and now put togetlier in. this form, the 
notes of my researches, I do not mean to aver that 

I liave vieited. every locality refei'red toj or person- 
ally obeervGd everything noticed in the publication. 
Where so much has been done by others I have 
cai'efiilly examined their -works. Where the field is so 
boundless, and the course of illustration necessarily so 
discursive, I have freely made use of their collected 
materials. StUl, I have been chiefly induced to adopt 
the line of description from the Grampians to the Alps, 
because, at sundry though often distant periods, I have 
examined the various suites of rocks comprised be- 
twixt these mountain boimdaries. If there be any no- 
velty in the volume, it will be found, not in the sub- 
ject-matter itself nor in the mode of treating it, but 
by following the geographical sequence in the descrip- 
tions of the several geological formations, and their re- 
lations to each other in the countries passed over. 



I have to express my 
W. and B. Chambers for a considerable number of 
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the figures contained in the volume, and which have 
already appeared in one or other of their niunerous 
publications. To Mr. David Page, than whom I do 
not know a hetter practical geologist, I am indebted for 
much valuable information, gleaned by him in an ex- 
tensive acquaintance with most of the gronnd passed 
under review. The errors of the volume are my own, 
and th^e, I doubt not, in a science subject to ench 
dftUy mutations and receiving daily such additions as 
the science of geology, will be found neither few nor 
vejiial. 

Neweuboh Mansu, May, 1850. 
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GEOLOGY OF SCOTLAND, 
PART I. 



CHAPTER 1. 

IKTRODUOTORi. 



GteoLOGir is that branch of science whicli comprehends the 
knowledge of all that relates to the form, structure, mmerai and 
fossU constituents, of the earth. The Scottish Gi'ampians, it is 
generally admitted, form part of the lowest sections of its crust, 
to wHch tlie researches of geologists extend. We must go to 
other countries for any coeval, and to Koi-th. America for any older, 
competing land; and still, there, the rocks are of the same mineral 
quahties and aiTangement. The Ben-Mac-Diiui group form the 
highest and most prominent masses in the whole range of these 
crystalline mountains. 

Whea I first stood on the broad flat top of Ben-Mae-Dhui, I 
had no thought or purpose of ever recording its geological history. 
The excursion was undertaken simply for recreation, and a delight- 
ful one it proved. I longed to plunge into the deep recesses of 
the old forest, and to see th,e trees which nature had strewed 
with careless hand, ere, perhaps, Caledonia was tenanted by the 
human family. I looked down from its rugged sides, as I as- 
cended, with awe and -wonder — snatched a little alpine as I drew 

(13 J 
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breath for the next spring — chipped a piece of granite as I ob- 
tained a fooling over a yawning chasm, or breasted along by 
jagged precipitous defile, — and when, having fairly scaled the 
summit, I gazed out upon the world beneath, the feelmg which 
for a moment flitted across my mind was one of no merely vain 
complaeency, that I was thea the most elevated subject of all the 
twenty-six or twenty-seven millions inhabiting the British Islands 
— and the lowest, too, in their stony regions ! The mountains of 
the earth serve to inspire some of the loftiest sentiments that can 
All the breast of its intelligent inhabitants. Imbosomed in their 
deep solitudes, man feels his own littleness, and is forced (« inquire 
who made these ■wonders, and -who sustains them ? We are all 
the better, morally speaking, for leaving occasionally our daily- 
trodden haunts, where we see only human things, and heax only 
of the triumphs of human craft, the excitement of human passions, 
the littleness and vanity of even the noblest human daring. There 
is an image of Jehovah g t mj d pon the outward 

face of nature, which fo t m 11 w i> d sustain the most 

salutary reflections, bre th t w w hfe into the soul 

of the wayfarer. Am p f m h If, forgetting the 

burden of a thousand p tty d hove his sensual 

condition, when he lo k p tl phy I world in these its 
grander features and s 1 d d wh h esislibly speai to 

the inner sense of divii ty w d m and m j fence. 

The philosophy of th m t th las ic ages of Greece 

and Rome, inclined but 1 ttl t y Ij f their grosser ma- 
terials of earth and sto Th p t d d 1 were exclusively 
associated with their st t ai d f m Tl dii majores dwelt 
upon, and thundered i m th 1 fty mts. The clouds 
hovered in peaceful m j ty th 1 of sage or fierce 
debate. The elements tl dy m t oftheir will; and 
Oreads, Dryads, and "N" Is p pi g 11 tl hills, forests, and 
streams, were the ere t f th t p jl f the inner maa, 
which has always sear bdftl ptlb Mnd and beyond 
the tan^ble attributes f J. t H t the gnomes of the 
caverns, the spirits of tl mi t th f n f th glens, the kelpies 
of the torrents, were all th mb d t f f tqs, which fancy, 
in her later superstitions, has cast around the mormtain landscape. 
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with ttie witchery at once of the terrible and bsantiful. The 

ctarm tkat spell-bound tlie human mind for ages, is not dissolved 
when, with ruder intent, we traverse these rocky sohtudes, listen- 
ing to the echo of our obedient hammer, learning the secrets of 
the universe amidst the voices of tlie everlasting hills, and seeing 
the mmdcrs of the material -world throwing light on the woEdera 
of the spiritual. 

Wo are reminded, among the mountains, of one of the first and 
lovehest of all material things, the creation of light. Loving 
them for their own sahes, as well as for the legends of the old 
world with which they are everywhere inscribed, the geologist 
takes to the hiDs witb the iirst faint fresh streak of dawn. Emerg- 
ing with earliest day from the somber shades of the forest whicb, 
like night, invests the prospects with its own sadness and gloom, 
speedily a scene of joy and activity bursts upon the sight. The 
light comes upon you like a real tangible thing. You see it glint- 
ing and breaking on the lofty iidge then neanng down along the 
brown slope of the mountain here piojectmg m long bn^ht Imea 
through the trees, and there — dehcioua golden mom' hrstbom 
of TTature's children, harbinger rf hfe and gladness How beau 
tiful are thy first footsteps upon the heath chd moimtams' What 
a brood of gloomy thoughts thoix dispellest chasmg them before 
thee, like yonder envious mists rismg laaily fi m the plims val 
leys, and streams, which they would tam hide from tht, eyes that 
now revel amid their exuberant lovclmess These lofty peaks aie 
worthy altars for the beacon-dies of the orb ot day after he has 
finished his journey through the nations and comes back to us 
over the floating splendor of the sea m the eastern heavens 
And seel he hath lit ahundred on these sphntercd summits which 
blaae now as they blazed centuiics ago ind dunmish notl 

The view from this remaj'kible gioup of mountains — the most 
remarkable by far in the island — diffei'i much fiom any other 
with which I am acquainted The impres'Jions at lirat are all 
very confused, and some time is required to res Ive into distinct 
pictures the wondrous panorama bcf ri, you We have stood 
upon Skiddaw, where everything is clear distinct ind palpable 
in distance and form; on Ben Lomond where the far stietch of 
perspective over lakes, rivers md plami is hLo i fii'^t lesson in 
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painting; on Ben Lawere, wLere tKe eye sweepa rapidly over -well 
known, familiar objects, spota of ivood, glea, and mansion; on Ben 
Mevis, where you fancy yourself ia mid-air, every object is so 
separate and apart, and so disposed tlie ivliole yow are looting on, 
that tlie view is all down-ward upon the picture. But here, these 
dai-k g^ant masses crowd as it were against you. There is a strug- 
gle for the post of elevation. You are highest, no doiibt of that; 
but so jealous all ai'e these proud somber peaks, that every one 
seems to overlook, though yet actually beneath, the broad ample 
table-head of the center of the group. Sometimes one is tempted 
to leap across the narrow dells of sepaxation, and at once master 
the geology of the district, so near seems every hill-top as almost 
to be touched. But as you approach their several positions, ex- 
panding valleys, deep fathomless chasms, and the chamiels of 
noble rivers, bar farther approach, and attest the wide, indepen- 
dent domains of each. They are monarchs eveiy one of them — 
Brae-Uiach, Caim-Toul, Caim-Gorm, Ben- Avon, Ben-y-Bourd — 
each holds Ms own regal cotu't, over tarn, lake, and stream; tor- 
rents, cataracts, and all t]ie appurtenances of the boldest mountain 



sceneiy. 

After one has time to gather up his thoughts and perceptions, 
the scene resolves itself, still indeed as of one whole, but of dis- 
tinct component parts. In the far distance yon attempt in vain to 
number the peaks that everywhere rise against the sky Ime; but 
more closely around, five or six summits are seen to spring from 
a single root; a common circumference marks out the limits of the 
group; and, by mo uni'easonable liberty with the imagination, you 
easily replace the old materials into the vacant interstices, before 
the water had begun its work of abrasion, or the eai-thquake com- 
ing to its assistance shivered their solid rounded forms into these 
hideous, precipitous gorges and chasms. The great hills here 
stand, eveiy one of them, upwai'd of four thousand feet above the 
level of the sea; and when entii-e, one aggregated whole, as pos- 
dbly they originally were, the center mass may have towered 
thousands more into the overhanging 0rmament. The scene is 
utterly unmatched, as it cannot be described, by any other in 
Great Britain: and make your ascent when you may, there are 
dghts and objects to be met with at every step, in every saUent 
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dell, that will cause you evermore to rejoice you commenced your 
travels among tlie Aiguilles of Ben-Muich-DIiui. 

It is iu the great mountaiu groups that the true key is tt> be 
found to the science of geology, as irell as all those collateral 
circumstances which impart so much charm to it as a healthful 
and invigorating exercise to mind and body. Here, amidst these 
piled-up masses, we are furnished with the lowest ascertained sec- 
tions of the earth's crust, from which we can at once study the 
nature of its rocky divisions, and Uie laws ivliich prevail in the 
order of their superposition. When the world was ia its primeval 
state of chaos, mthout form and void, we are waiTanted to assume 
that the mountains as yet had no place on its surface, but subse- 
quently arose out of the bosom of the deep; and lifted up, as they 
emerged above the waters, the rocky strata already enveloping the 
globe. These strata aie still to he seen folded round tlie central 
masses, dismpted and torn like a garment too tight for the body, 
and displaying through innumerable cracks and fissures the in- 
closed roeka. This fact lies at the foundation of all geological in- 
quiries, gives to the subject all its pretensions as a science, and 
before proceeding on oui- " Course " a word of explanation will be 

The 6rst condition of the earth, of which we have any histor- 
ical notice, is that which is represented in Genesis, where, after the 
initial declaration that God was creator of all things, we are told 
of a period when the whole of its materials were as yet unarrang- 
ed, " and darkness was upon the face of the deep." The Divine 
Spirit moved upon the surface of the shapeless mass, when the va- 
rious elements of air, earth, and water gradually assumed their re- 
spective positions. The form which the earth had impressed upon 
it, as philosophy has demonstrated, was that of a spherical body, 
flattened at the poles, a figure iresembling as nearly as possible 
that of an orange. There is reason to believe, therefore, that 
every part of the solid mass of earth k symmetrically arranged, 
and that every individual particle occupies the position which Di- 
vine wisdom has assigned it. 

Kocks, let the reader be assured, have not been indiscriminately 
heaped together. Everything here, amidst all the apparent con- 
fusion which surrounds us, is in the most perfect order, following 
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one uiiifonn law of supeiposition. Wlieii God fixed the founda- 
tions of the earth, stretched hia compass "upon the face of the 
deep," and laid " the beams of his chambers in the waters," he 
completed the mighty edifice agreeably to the plan which he had 
determined upon " from the beginning;" the different portions of 
the building rise one above another in regular succession; and the 
work, so far as we can survey the interior, displays the several 
courses into which the materials have been thrown. These consli- 
tuf« what geologists call the strata of the eartli, layers of varying 
thickness, such as our slates, sandstones, and limestones exhibit, 
and which nearly envelope the circumference of the globe. The 
order in which the strata are disposed is uniform from below up- 
ward, and tKis order is never iaverted. From the blue elates of 
the Grampiaiis to the Chalk cliffs at Dover, there is a regular suc- 
cession of intermediate rocks, piled one upon another like the 
mason-work of our houses; and while to many there appears 
nothing but confusion, to the scientific eye every portion of the se- 
ries, although the same ingredients enter into seyeral classes of 
rocks, is as well defined and as easily recognized, as the two mem- 
bers at the extreme points are by the common observer. 

But beside the stratified rocks, there is another class of rocks 
equally extensive, and which occupy an important place in the 
economy of nature. These are the granites and whinstones of 
which the highest mountain ranges are usually composed. There 
are many subordinate varieties belonging to both classes, which 
are characterized by slight shades of texture and composition and 
distinguished by different names. One thing is common to the 
members of each group. They are not disposed in layers, and 
exhibit no lines of stratification, except in the granite rarely, 
throughout the entire mountain chain. These rocks occupy no 
fixed place in the order of superposition, but seem to be intruded 
in the most irregular manner among the stratified rocks, sepa- 
rating one bed from another, filling up fissures and rents, and 
binding and interlacing the various deposits more closely and 
firmly together. They are often composed of the fragments of 
other rocks, agglutinated into a compoimd mass by a base of clay. 
Remarkable clianges are also produced upon all the strata where 
they come in contact with granite and whinstone — chalk being 
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converted into crystalline limestone — limestone into chert — clay 
and sandstone into a substance as hard and compact as flint — and 
coal is deprived of its bitumen or the quality which renders it so 
nseful as a combustible body. 

From these, and other appearances, geologists have been led 
to the conclusion, that these rocks are of later origin than those 
■which are stratified, that they have been injected among them in 
a state of fusion; and by the expansive force of internal heat, that 
they Lave burst through the stony crust of the earth, and ele- 
vated and disrupted the strata which compose it. They are, if 
we may use the expression, the levers which the Almighty has 
employed in bringing up the lower depodts to the surface, in 
laying open tlie interior cliambers, and in producing all that infi- 
nite variety in our earthly habitation which ministers to the comfort 
and well-being of man. Much seeming confusion and disturbance 
mark everywhere the course of these i-ocks, similar, though upon 
a more extensive scale, to the disorders attendant upon the irrup- 
tion of a modern volcano; hvA throughout the whole there reigns 
such a harmony of purpose, that the conclusion is irresistible, 
these operations eonld only have taken place by Divine pei-mission, 
aud are in accoidance with the Divme phn, controllmg the most 
refractory agencies of nafuie, and eausmg them to contribute to 
the general good 

These eruptive roL.ks have been pioduced under the sea, at a 
period, many af them when the waters and the dry land weie 
not as yet sepaiated fiom e^oh other They die theiefi re termed 
sub-aqueous pioducts and are in consequence ot the pieisure to 
which they hiie been subjected hard compact ind heavy 
They diffei in this respect from the pioducfs of modem vokanoes, 
which are light and porous, as being formed under the simple 
pressure of atmosphere, and are denominated sub-aerial. The 
most prevailing ingredient both in ancient and modern lavas is 
feldspar: this, combined with hornblende, quarto, and augite, 
characterizes the whole of the two families of the trap and granitic 
rocks; and completely establishes their claim to be regarded aa 
originating in submai-ine volcanoes. Geology is thus in its first 
step, and initial principles, in perfect accordance with the scripture 
record; and, in walkb^ over the varied fields of c] " 
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tread all the firmer, and enjoy our recreations all the more, that 
wo find tlie word and works of God illustrative of each other, 
revelation never contradicted, and science bearing enlightened 
testimony to the wonderful truth — that the hills melted lite wax 
before the Lord. 

Two reasons, therefore, are to be assigned for the starting 
point of our investigations, and the route fized upon in following 
them out. This center group of mountains comprises tte first or 
lowest phenomena connected with the science of geology ; here 
the earliest lessons are inscribed ; and here, developed on a great 
scale, we are presented with tlie axis of elevation which has given 
character and outline to the whole surrounding district. Ben- 
Mafi-Dhui is the most prominent type of our primary mountains, 
and has been mainly mstmmental in lifting up a large portion of 
tlie Grampian range. Looking abroad from its summit, over all 
that varied landscape of plain and valley, and further than the 
eye can reach, summoning in imagination before us the successive 
strata as they recede in the far distance, a diagram which would 
faithfully represent the order of the rocks and their relation and 
proximity to the granite, would be quite correct in making Ben- 
Ma«-Dhui a pyramidal basis, and the other formations as steps io 
the apex of the pyramid. 

This lofty chain of primary rocks on the one hand, and the 
Alpine region of Switzerland on the otlier, may likewise be re- 
garded as constituting the barriers or edges of one great basin, 
within which are inclosed members of almost every rock forma- 
tion, fossUiferous as well as non-fossiliferous, existing anywhere 
on the face of tbe earth. Along tlie line of tour indicated, yon 
pass over every intermediate deposit, from below upward ; and 
have laid before you, for inspection, specimens of all that is inter- 
esting and curious in the science. Betwixt the two points, selected 
as our termini, lie strata upott strata, organic bed upon bed, not 
piled up in one colossal mass, but drawn out and slipped over the 
edges of one another, and so arranged and disposed at successive 
intervals as most happily to suit the convenience and successive 
stages of the journey. This is one of the most remarkable fa«ts 
in descriptive geology, whereby we learn that a depth of nearly 
ten miles of solid rock can be duly examined, every particle and 
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fossil of it, not by perforation downward to tlie bottom, but by 
tlie naturaJ incliaatiou of the beds, and tkeir several outcrops ris- 
ing to the surface like the inverted tiles on a I'oof. In consequence 
of this persistent arrangement, objects, both new and strange, will 
at every step meet the view. There the whole system of geology, 
page after page, is spread out before you. Every day opens up 
a new chapter geographically, as well as mineralogicaUy divided. 
And when you have gained the summit of Mount Blanc, you can 
leisurely, in the mind's eye, look back over the -whole Course of 
Cbeation. 

It is a reproach, I am aware, sometimes east upon geological 
researches, that the portion of the earth's surface exposed to view 
is as nothing compared with the entire mass, and that another 

portion, by far the largest segment, is concealed by the ocean, 
and its own debris. In addition to these disadvantages, it may 
now be objected that the line of description indicated narrows the 
field of research still fai-tlj^r, and that a few disconnected materials 
only are all that can therefrom be extracted. It may be answered, 
— " That the earth is constructed with such a degree of uniform- 
ity, that a tract of no very large extent may afford instances, in 
all the leading facts, that we can ever observe in the mineral king- 
dom. The variety of geological appearances which a traveler 
meets with, is not at all in proportion to the extent of country he 
traverses ; aad if he take in a portion of land sufficient to include 
primiiive and secondary strata, togetlier with mountains, rivers, 
and plmns, and unstratified bodies, in veins and in masses, though 
it be not a very large part of the earth's surface, he may find 
examples of all the most important facts in the history of fossils."* 
We shaU, however, along mth our lineal descriptions of the mi- 
neral kingdom, notice the occurrence, position, and fossil contents 
of the strata as represented in other parts of the world. 
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CHAPTER II. 

NATIJKE AND STRUCTURE OF THE GBAMPIANS. 



In begiimiog a description of the earth, every onu is prepared 
for the informataon, tliat it must have existed in some form or othe- 
antecedent to the development of life iipon its surface. Revelar 
tion asserts h, succession in the objects cieated, as well as in all tlie 
cosmical arrangements connected wjth the early history of our 
placet. Tl aga were no perfected at once, and brought amnltanc- 
onsly into adapt t n and form; a prepai-ation and a fitting up, as 
it were of tl e no ^an c preceded the introdacldon of the organic 
structures f creat on and, accordingly, the solid framework of 
tlie glol e gives c lohoralJve evidence of this anterior condition 
of its histoiy. The rucks of the period aie, from this circum- 
stance, denominated Primary, because they not merely denote the 

absence, but are afiSUmed to Kave teen formed lefore the eiist- 
enoe, of any types of organic matter, vegetable 01" animal. 

Nowhere can this first lesson in geology be more forcibly taught 
than by an examination of the sterile rocks and rapidly decom- 
posing preoipicea of this bleak aad hoary region. Once through, 
the glens, and fairly commencing tlie ascent of the center moun- 
tain, every symptom of existing life has disappeared; and amid 
the buge, tabular masses that accompany you in the upwai'd jour- 
ney, there is no traee of organic forms in these vestiges of the 
past. The nucleus of the whole group is granite, one dense ag- 
gregation of crystals; now rent and furrowed by a thousand 
seams, the heart and penetralia bared and open, a convulsed sea 
of molten matter still and motionless as the grave! The associated 
rocks, all of the primary class, are gneiss, mica-slate, quartz-rock. 
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chlorite -slate, and limestone; and these inclose no relic of a living 
thing. Geology thus ascends the stream of Time; but it gives no 
farther tidings of a scene like this, save that it arose from the 
depth beneath at the Creator's bidding. 

Thb Stkuctuke op the DisTiuOT. — The mountain of Ben- 
Mae-Dhui, according to recent measurements, is 4,418 feet in 
height, and covers a superficial area of nearly forty miles in ex- 
tent. It occupies a central position in the Grampian range, being 
about equidistant betwixt Aberdeen on the German Sea and the 
■western coast, so ribbed and indented by the Atlantic. Ranges 
of granitoid rocks, of the primary class, diverge for nearly forty 
miles south and north of Een-Ma«-Dhui, thereby giving tbis 
mountain a prominence in position possessed by no other within 
the boundaries of the island. 

The valleys by which this monai-ch is surrounded, open iu eveij 
direction, and run toward every point of the compass. Two great 
rivers, the Don and Dee, take tiieir rise in some of the deep gul- 
lies of the mountain, while the Spey is fed by the immmerable 
streams that issiie from its sides. These rivers have each an east- 
erly direction, which, by their water-shed, give shape a»d char- 
acter to the whole district. A hundred lateral glens, with their 
tributary streams, and all their tarn-head or loch, debouch upon 
the three principal straths, whereby their deepest solitudes are 
reached, and the very foundations of their loftiest peaks bai-ed and 
laid open. There, remote from human habitation, the geologist 
sees as it were two conditions of the world, — the one, the shatter- 
ed framework and fragments of its early convulsions, huge moun- 
tains prosti-ate and crumbling beneath his feet, — and the other, 
the spring-heads of renewed vitality collecting in countless drip- 
ping rills, each to sustain its own little plot of pasturage and flow- 
erets, not the less welcome that they are all so rare and alpine, 
and looking in their freshness as if they were there purposely 
to cieatrize and he^ up the deep scars in the nigged precipices 
around. 

Loch-na-gar oa the south-east, and Ben-y-gloe on the south- 
west, have also their separate congeries of lofty hiUs and precipi- 
tous defiles, inclosing tarns, lochs, and rivers; likewise their own 
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peculiar grouping of glens and straths, whose inner recesses are 
all most speedily attained tlirough the velvet pathways of their 
moss and crow-berry. From the poetic peak the prospect is 
worthy of its fame. All around is a vast rolling surface of moun- 
tmns, with steep mural precipices, aaid separated by deep ravines, 
while immediately underneath a cliff of 1,300 feet lies the lake, 
contracted to a span, and rendered even darker in its gloom by the 
snowy glaciers that sparkle tere and there on the overhanging 

From LocJi-na-gai- eastward to Craigdarroch and the more dis- 
tant Morven, and through the great forests of Ballocli-bowie, 
Glentanner, and Glenesk, granite is the prevailing rock. Around 
Balmoral, immediately under "these steep frowtiiDg glories," the 
granite rises into a number of smaller and beautifully dome-shaped 
hills. Cloch-na-bein and Mount Battock, washed by the Feugh 
and the Dye, are likewise composed of granite. Gneiss, miea- 
sehist, quartz-rock, and clay-slate hang on the southern slopes, 
training down mto the plmns of Kincardine and Forfarshire. To 
the west of Loch-na-gar, and intermediate betwixt that range and 
the granitoid masses which cluster round Ben-Mac-Dhui, the same 
altematmg series ot stratified rocks occur. From Castleton to the 
head of Lo:,h CaUater, and alon^ by Glen-clunie to the junction 
with Glen bp£, where the counties of Aberdeen and Perth meet, 
the strike ot these locks is again passed over in a walk of a few 
mdes, the beds penetrated and tilted up by veins of granite and 
feldspar fee* era! dykes of the latter mineral, of an extremely 
deep-red color and glassy crystalline texture, traverse the district, 
extending over a vast range of country, penetrating indifferently 
the granites and schists, and always forming attractive objecfa in 
the beds of the rivers. 

In the immediate vicinity of Castleton and Invereauld, the geo- 
logical phenomena of the district are very accessible as well as 
instructive, in consequence of the comparative smallness of the 
mountains, and isolated position into which they are thrown. A 
magnificent amphitheater of hill and plain is spread out before the 
traveler, through which the Dee, after a course of upward of 
twenty miles from its wells — mysterious as the fountains of the 
Hile — rolls its waters, now joined by the Quioch, Clunie, Candlic, 
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and alt the tributaries of the surroimdmg peais. Some of tte 
hills present bare precipitoiia cliffs, as Craig Koynach and the 
Lion's Face, ■where the granite, schistose, and calcareous rocks 
are finely exposed to view. Their strike is continued westward, 
when they are severally crossed in the easy ascent of Mome, half 
of whose dome-shaped top is covered witli quartz-rock, wLich 
here, as in most of the neighboring heights, attains to aa enor- 
mous thickness, and shows in weathering the yellow granular tex- 
ture of sandstone. So remarkably like are some specimens we 
picted up by the roadside, that for a time ■we imagined ourselves 
to be approaching a region of secondary deposits. Internally, 
however, the bright crystalline structure is uninvaded by decay. 
Ben-Beck, Ofum-a-drochel, and Bea-Viach behind Mar Lodge, are 
chiefly composed of gneiss, passing into a slaty micaceous schist. 
The same character of rock continues upward through Glen-lui 
until its junction with Glen-lui-beg and Glen-derry, ■where tbe 
granite maintwns its sovereignty over all that primitive lofty 
region. 

The geolo^st, in penetrating these primeval wilds, has but little 
choice left him as to the coraforte of his pathway. Arrived at 
the top of Glen-lui, the two diverging passes, right and left, are 
equally desolate, savage, and grand. He may mate his selection 
as the feeling of the moment prompts, but he will not bo able to 
congratulate himself as the traveler in ft different field — 

Hie locus est, pai'tes ubi se via fundit in ambas: 
Dextera, c|u£g (litis magni sub m^nia tendit; 
Hac iter Bljsium nobis: al t^ua malonnn 
Exercet pieuBS, et ad impia. Taitara mitbit. 

No "fiends," indeed, as Dryden renders it, are here, unless the 
belated traveler may allow his faacy fa shape these gnarled ■with- 
ered stumps of the old forest, as it well may, into grisly living 
forms; or the red deer breaking from their coverts, and gazing 
in wild amazement from the crags, startle him from his propriety. 
Still Loch Avon, black as pitch, and imbosomed in horrid rocks, 
is not an unfitting emblem of the Tartarean lake. 

Pursuing his route to Strathspey, either through the desolate 
openings of Ben-Avon, or by the wild passes of Brae-Riacli and 
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Caim-gorm, the geologist again dvops down Muong tiie gneiss, 
schists, limestone, and quarts. These types of rock line the 
trough of the Spey, on both sides, &s f ar as the granite distiict of 
Ericht and Laggau, presenting the usual phenomena of granitic 
and feldepathic dykes, and in some places, as at Loch-fui-Eilan, 
remarkable twistings and flexui'es in the mica-schist around this 
eagle-hauated lake. Glen Tilt, on the south-west, is distinguished 
by a singular display of graaitio veins, appearing to radiate from 
a common center — the well-known phenomena which the philoso- 
phers of the Button and Playfair school pressed so keenly and 
successfully into the service of their theory. The gneiss ia 
generally to be observed in the form of low ridges, interstratified 
■with quartz-rock, and approaching in mineral qualities to the 
mica-slate. 

The bearing of all these stratified rocks is, on the mMn, sufB- 
ciently indicated by the outline of the Grampian range. The 
quarts, mica, and chlorite slates, are nearly coutinuous along the 
chain, traversmg in a S. W. by N. E. direction the breadth of the 
island, from sea to sea. The line of stiike, however, is often in- 
terrupted, either by the eruptive veins above mentioned, or by 
tlie upheaval of the centra] azis, which, as it rose with greater 
violence, or was parted into higher and unequal ridges, would 
necessarily occasion corresponding changes in the lie and direc- 
tion of their coverings. This principle in geological dynamics 
has been satisfactorily established by Mr. Hopkins of Cambridge, 
who has shown, that in the production of any great line of ele- 
vatory disturbance, whether affecting straight, curvilinear, or 
ellipsoidal masses, the strata would frequently be broken by fis- 
sures at various angles to the chief line of strain or elevation. 
Hence these interminable glens, transverse straths, cul-de-sacs, 
and countless depressions, forming tarns and lochs, al! inoscu- 
lating into each other, and which ^ve such variety and grandeur 
to this alpine region. The pent up ebullient matter beneath the 
crust would thereby force its way to the surface — now in the 
form of veins — now in long narrow ridges— and in other quarters 
assuming the contour of broad mountain domes. The dip, in 
hke manner, corresponding to these partial strikes, as well as 
great axis of the chain, is often various — as at the Linn of Dec, 
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and along the braes of CoiTy Miilzie, tlie beds being almost 
horizontal, irhilo generally they are so highly inclined as to be 
nearly vertical. 

There are also numerous examples where the crystalline strata 
dip inwaxd toward the granite ridges, and in this manner form an 
acute angle with the base, instead of being infolded over and 
welded to them. The only admi^ible explanation in these in- 
stances of the dip is, that the ends of the strat, adj t to the 
eruptiye masses have sunk into depressions d by the 

evolution of igneous matter, while their uppe dg h been 
tilted backward. Hence the schists often ri to 1 p dent 
elevated crests all along the chain, and eve wl g onite 

appears at the surface. Tlie rocks in Glen-B g d Gl CI nie 
afford examples of this lind, where, as in Oa U d the 

other mountfuns here, they are highly inclined d pi g the 
direction of the principal range. Geology, vi w I th 1 ght, 
becomes an auxiliary to physical geography, explains many ano- 
malous appearances on tiie earth's surface, and succeeafully ac- 
counts for all the flexures, breaks, xmdnlationa, and inequalities, 
that constitute siich marked features in the primary strata. 

Until very recently, the doctrine maintained was, that nearly al! 
the inequalities on the earth's surface were produced by the 
erosive and denuding effects of water; that not merely the small 
lateral valleys and branches of rivers, but hkewise all their main 
trunks, were caused by the slow and gradual working of the 
stream, cutting the most solid aad massive rocks in tiie same way 
and aJmost with the same instrument by which the lapidary divides 
a block of marble or granite. Nay, with such a ready agent, 
acting through incalcidably remote and indefinite periods of time, 
the conclusion was arrived at, that "on our continents there is no 
spot on which a river may not formerly have run." A sounder 
philosophy, and one far more accordant with the facta, is now 
be^nning to prevail, namely, that nearly all transverse gorges, 
by which rivers escape across ridgea from one water basin to an- 
other, are nothing more than ancient apertures in the crust of the 
earth, which have resulted from the former disruption and denu- 
dation of the rocks: and that rivers, properly so called, have never 
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cut sections thi'ough chains, but simply flow In cliasms prepared 
for them. 

Katubb ANn Qualities of the Rocks. — The granite is tlio 
most prevailing, as well as the most striking in its appearance and 
texture, in the whole range. Mineralogically considered, every 
specimen is a gem. Granite is a compound, aggregate rook, here 
of a lively flesh or rose color, consisting of perfectly foi-med crys- 
tals of quartz, feldspar, mica, and ai some mstances hornblende, 
when it merges into what is termed syenite. The sparkUng film 
is mica. It is not metallic; but it ahlues ivitii metallic luster; and 
IK some places of the chain, as at Rothes on the Spey side, it is 
found in plates so large as to become a substitute for glass. The 
component parts of mica are silex, alumine, potash, iron, manga- 
nese, and tiicet of other substances. The colore of the mineral 
are vaiious iccordmg to the pioportions of some of the ingre- 
dients. The lammas are divi'iible into plates no thicker than 
___ijjjth p'iit of an mch Entering into the composition of al- 
most every rock from the oldest to the newest, it abounds chiefly 
in gi-anite and schist, but also occurs in sandstones, and the slaty 
shales ot the coal foimttion 

I never look at a piece of granite, fragments of which are 
strewed on every heatL, without being reminded of Paley's inac- 
curate and disparaging comparison betwixt "the stone" and "the 
watch," in his celebrated argument for the existence of Deity. 
Take a specimen fresh and living from the rock, or from any 
bowlder that meets you on the way. There is not a stain in all 
that composite mass: how bright every ingredient ! No work- 
manship of man can rival it in its closeness of texture, beauty of 
color, distinctness and delicacy of shading and outline. What 
chemistry elaborated these particles as they separated and united? 
What scales weighed their impalpable elements? What hands 
constnicted their nicely harmonizing proportions? Whence de- 
rived their principle of cohesion as they cooled and inosculated in 
the burning crucible? As that fr^ment of rook, so is the whole 
interior of the mighty range — the whole basis of the continents 
of the world — countless myriads of sparkling gems wrought into 
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symmetry and form; tlie foundations of our earthly habitation 
literally "garnished witli ail manner of precious stones." 

Paley, forgetful of every law or purpose so conspicuously 
developed in the whole of these beautiful arrangements, thus 
commeRces his great work on Natural Theology: — "In crossing 
a heath, suppose I pitched my foot against a stoTie, and were asked 
how the stone came to be there, I might possibly answer, that, 
for anything I knew to the contrary, it had lain there forever: 
nor would it perhaps be very easy to show tlie absurdity of this 
answer. But, suppose I had found a watch upon the ground, 
and it should be inquired how the watch happened fo be in that 
place, I should hardly think of the answer which I had before 
given, that for anything I knew, ilie watch might have always 
been there." 

How many fallacies are there in this statement so far as men- 
tion is made of the stone? The science of geognosie, not so far 
advanced in Paley's time, now clearly establishes the " absurdity" 
of supposing its having lain from "eternity" in the place where 
it is found. Tlie relative ^;es of mountains, and therefore their 
succession in Time, are now demonstrable and well understood. 
Then, the component parts of the mineral are as well defined, as 
accurately proportioned, and arranged in manner and order as 
precisely, as the several parte of the watch. The mica, the quartz, 
the feldspar, have each their law or order of structure, as well as 
theu' principle of aggregation; and they have taken their respec- 
tive forms and no other, and have assumed their compound struc- 
ture and no other, in obeddenoe to chemical affinities and an atomic 
adjustment, as certain and unalterable aa are the conditions and 
requirements of dynamics. 

Nay, more, the parent rock, from which that stone was taken, 
has its own place in the system; its position, amidst the upheaved 
disrupted strata around, has been assumed for a purpose; and 
the very size, form, and outline of the ^ant mass, are all shaped 
to an end. Rocks are as easily distinguished as trees or animals, 
which have not risen up by accident, but have been constructed 
out of certmn materials, and arranged each according to its own 
class. Their internal characters, and even outward shape, are 
marked and defined. The gnarled oak in fiber and texture differs 
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not more from the soft, pendulous, graceful willow, than are the 
differences of rocks and minerals ia their normal arrangement of 
particles; in their diversity of fracture, cleavage, luster, and 
density. We see at onee the mechanism of the watch, the growth 
and expansion of plants and animals. But so, upon gaining the 
least knowledge of its frame-work and structure, we cannot open 
our eyes upon any part of the external world, without being im- 
pressed with tlie conviction,, that all which we see and admire, 
must be the work of a higher power. Design is stamped \ipon 
everything. Will, order, and might are everywhere idsible. — 
Geology, discovering harmony amidst apparent confusion, reno- 
vation in decay, ehowe that every voct is fitted to its place; that 
systems and series of formations are arranged upon a principle of 
utility; and so thoroughly calculated ^ to exercise their assigned 
functions have all the parts been formed, that the most elaborate 
machinery of man's contrivance falls infinitely short of the beauty 
and perfection everywhere displayed in the material creation, 
Lmh foreverl No; such a scene of mountain, valley, river, plain, 
and ocean — all related to each other — does not exist by chance, 
is not conserved nor arranged by accident. 

Theory of ForMAii h — Wl en we examme t p cc f gt ■mite 
nothing appears less 1 Loly to a common ib^ervei tli n that it 
was once in a molten state through the action of firo ind that itB 
crystalline structuie was assumed m proccs'i of cool ng Now 
the fact of its crystalhzatun the beautiful tnd perfect aiTange 
ment of its paits the impiLSs of the one crjstal upon the other 
reciprocally commumcatint, their respect ve sliapes tc eaoh othei 
and the compact, agglutinated state of the whole, is regarded as 
the strongest proof of the igneous origin of this remarkable rook. 
Granite is not a mere congeries of parts, which, after being sepa- 
rately formed, was somehow brought together and united; but it 
is certain that the quartz, at least, was fluid when it was molded 
on the feldspar. In some granites, the impressions of the sub- 
stances on one another are observed in a different order, and the 
quarts gives its form t» tlie feldspar. The ingredients of granite 
were therefore fluid when mixed; and this fluidity was not the 
effect of solution in a menstruum, as in that case one kind of crys- 
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tal does not impress anotlier, but each retains its own peculiaa- 
shape; and the conclusion is, that they crystallized from a state of 
simple fliudity, such as, of all known causes, heat alone is able to 

This is the account given in the Huttonian theory, as expressed 
nearly in the words of Playfair, which, along with the position of 
veins, the disruption of superincumbent strata, and other phe- 
nomena, has resulted in the universally received admission of the 
Plutonic character of this class of rooks. Dr. MaccuUoch has ex- 
tended the principle, and has satisfactorily proved, that granite is 
but one term iu the series of igneous products, the passages from 
which are distinctly traceable into granitoid syenite, and syenitic 
greenstone, and thence into greenstone, basalt, and lava. Profes- 
sor Forehhammer considers granite, when melted, as one simple 
compound, and which only on cooling becomes separated into the 
different minerals that compose ib. 

Granite, wherever it is found, is inferior to every other rock; 
and as it com.poeea many of the greatest mountain chains, it has 
the pre-eminence of being elevated the highest into the atmo- 
sphere and sunk the deepest under the surface, of all the mineral 
constituents of the globe to which our researches extend. The 
associated primary i-ocks in this upland region overlie the granite, 
and possess a distinctly stratified structure. They are not now in 
their original position. They have been tilted up. traversed, and 
interlaced by the granite while in fusion, and have been altered 
greatly in tlieii" texture and qualities by their contact nith the 
heated mass. Hence they are called Metamowhic Rocks, be- 
cause of the change to which they have been subjected. 

The rocks that immediately overlie the granite are gneiss, mica- 
slate, quartz-roct, and hmestone. They all partake of the crys- 
talhne structure, ajid all, except the last, possess the same ingre- 
dients, and assume interchangeably the same aspect. Of gneiss 
there are three varieties, each composed of feldspar, quartz, and 
mica, and distinguished by the size and form of the crystals that 
constitute the mass. This rock, consisting in all cases of thin 
lenticular plates, has a ribbon-like appearance, and, according to 
the predominance of one of the parts, becomes glandalar, slaty. 
Mica-slate consists of quartz and mica — the latter 



Host.d./Gciogic 



32 NATUBB AND S'muCTDRB OF 1 

predominating— and feldspar frequently entering as an adjunct. 
Quartz-i-ock, as the term implies, is formed of the pure siliceous 
matter, nearly homogeneous in many instances — but scales of 
mica are often present — and feldspar not always absent. The 
limestone, again, differs from all the above in the excess of the 
calcareous element, while, along with talc, steatite, actjnolite, 
asbestus, and other simple minerals, mica, quartz, and feldspar are 
likewise to be numbered among the imbedded crystals. These 
rooks, over the entire surface of the globe, are of one family, and 
generally associated. They are always the lowest of the stratified 
series, and follow in the order now described. They are essen- 
tially one and the same ia their constituent mineral qualities — 
different in the form and proportions in which they are aggre- 
gated — and geographically connected with the granite in their 
distribution. Thus these crystalline rocks not only constitute the 
floor of our eaith, but have in all probability supplied tlie mate- 
rials uuder whose plutonic agency, when fused and molten, the 
massive pavement was raised above tlie watera and tempered into 
its present consistency. 

Granite, the derivative rock, is found, accordingly, in every 
region of the globe — the lowest as well as the most universally 
distributed — tlie basis as well as tlie apex of every gi'eat mountEnn 
chmn. No true Highland scenery is anywhere to be found that 
does not embrace granite as the most prominent feature in the 
picture. Not a hill in Scotland, two thousand feet high, but in- 
closes a portion of this i-ock. The beauties of the English lake 
country are all derived from this source. The lofty serrated 
peaks of Wales have been raised upon its crystal foundations- 
The north-west and centi-al portions of France, the Swiss and 
Tyralese Alps, the vast expanse betwixt Dresden and Vienna, the 
Caucasus, great part of the Himalayan, Uralian, and Altai moun- 
tains, and large elevated districts in China, ai-e all less or more 
of granite formation. Through Northern Russia and Scandinavia 
the granite may be regarded as merely a continuation of our Scot- 
tish range — one great stony girdle, which forms the primary 
mineral boundary of Northern Europe, America, Africa, Aus- 
traha, possess not a smgle ridge of celebrity through which the 
same fundamental rock is not traceable in every district. How 
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simple, uniforai, universal tlio component elements of the globe! 
One and the same atmosphere surrounds it, one ocean washes it, 
one system of massive pillars supports it, one sim enlightens it. 
How direct and irresistible the inference, that one intelligent, all- 
powerful Being fashioned and framed it ! 

The separation of the dry land from the waters was, doubtless, 
effected through the instrumentality of means. The igneous 
theory of gi-aiiit«, and other amorphous rocks, is in accordance 
with this supposition, which thereby imparts a sacred and peculiar 
interest to all our investigations respecting the origin and elevation 
of mountains. The range of geological investigation is thus 
wide as the circumference of the globe— deep as the foundations 
of the eartli — and sublime thoughts are everywhere awakened of 
Him— 

Whose dwelling is the liglit of setting suns. 
And the round otxaa, and Hie living air, 
And the blue aty, and in the mind of man: 
A motion and a apiril that impels 
All thinking things, all objects of ail thonght. 
And rolls through all things I 
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CHAPTER III. 

THE SILURIAN SYSTEM. FIRST TRACES OF UFE, 



The group of rocks on wliich we next enter are termed fossilif- 
erons, that is, there is eontsuaed in their hard stony substance the 
impreasiona and actual remains of organic bodies. As we proceed 
upward through the series in their asceading order, we will find 
different rocks distm^iahed by difterent chsses of fossdi, and 
characterized by distinct hthological appearinces They are in 
consequence divided into dtffeient formations and called by pair- 
ticular names. Hencf the ongm of systems of wiich there are 
five or six recognized by geologists separable into then nspective 
groups of strata. Descending fiom the primary, the highest as 
well as lowest in the series of roclty combinations, the group which 
first invites attention is the Siltjeian ; so denominated because the 
strata are widely spread over the districts in England and Wales, 
anciently inhabited by a people called the "Silures." They are 
found in various quarters of the world, and occupy a lai-ge area 
on the southern frontiers of Scotlaiid. 

The rocks of this class consist of a group of argillaceous, calca- 
reous, and arenaceous deposits, varying Jo color and texture. They 
are of great thictncss and severally impressed with their own 
writt«n story, the fossil memoranda of the changes and events 
that occurred betwixt the formation of each. These are the tran- 
sition rocks of Werner. The newly-adopted term of Silurian im- 
plies no peculiar theory as to their origin. It simply expresses 
the faflt that in the district in question a complete succession of 
fossihferous strata is interpolated between the oldest slaty crys- 
talline rocks and the old red sandstone. The system is divided 
by their discoverer and historian, Sir R. I. Murchison, under the 
ascending series, into tlie Cambrian System, Llandeilo-flags, Cara- 
(34) 
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doc Sandstone, Wenlock Shales and Limestones, and Lower and 
Upper Ludlow Boclis. 

Do the equivalents of all, or of any, of these groups exist in 
the Grampian range ? Geologists for the most part have been 
answering tliese qnestioaa in the negative. Hitherto no true sOu- 
rian deposits have been recognized as existing among the northern 
Scottish mountains, and no weU-authenticafed organism of the 
system has been detected in any of their localities. This, how- 
ever, will hardly be talsen as a conchisive argument after the 
admission iuto the family of the Skiddaw slate, in which the 
faintest traces of organized matter have only very recently been 
observed, while the over-lying series consisting of olilorit^-elafe, 
and alternating beds of porphyry and greenstone, from twenty to 
thirty thousand feet thick, have not yet been proved to contain a 
single fossil. " Good fossil groups," Professor Sedgwick argues, 
" are the foimdation of all geology; and are out of all comparison 
the most remarkable monuments of the past physical histoiy of 
our globe, so far as it is made out in any separate physical 
region," 

We are convinced thattiie clayslates and graywaekes which re- 
pose on the southern flank of the Grampians, as well as abun- 
dantly in the interior, will, upon strict examination, have their 
place assigned among the Silurian class. Mr. Nicol, who has 
done so mueb for the Lammermuir deposits, will find ample scope 
for his investigations, and all his ingenious speculations, in deter- 
miaing the true position of these argillaceous beds, which are of 
prodigious thickness and vast extent. This is not the place to 
enter into details, biit in support of the view now advanced, the 
following among other reasons may be given. 

First of all, the elayslate of the Grampians resembles in its 
lithology the slates of Wales and Cumberland, admitted to be 
Silurian. Li hand specimens they cannot easily be distinguished 
from each other ; practical men consider tlie slates of Dunkeld 
and Glenalmond as softer and less flinty than those of tiie south. 
They pass from estremely coarse into the finest grained varieties, 
when the graywacke chai-acter is entirely lost in the homogeneous 
mass. Their position in reference to the crystalline rocks, in the 
nest place, is very distinct, never alternating with, nor lying con- 
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formable to, either the gneiss or mica-schisfa. They form the 
outer zone, from east to west, of the Grampian range, where feld- 
spar, porphyries, and trappean rocks are along the whole line 
mixed up or associated with them. Then overlying the clayslate, 
precisely as in Cumberland, the old red sandstone is found 
immediate succession and resting imconformably. Shall we a 
that, eyen in a topographical point of view, these beds will be ad- 
mitted to vindicate their claim to Silurian origin, constituting, ; 
they do, in extension, a portion of the gieat primary belt th; 
encompasses the western shores of Great Britain, and beyond the 
channel, stretches through Brittany and Mormandy ? 

From considerations such as these there are sufScient grounds 
we think, for constituting the clayslates and porphyries of the 
Grampians into a " physical group," existing in a " separate phy- 
sical region." The absence of organic remains may be accoimted 
for by the fact of the vast disturbance prevailing in the se 
the period, and indicated by the prodigious quantity of igneous 
matter spread repeatedly over their bottom. These causes would 
act in BO far in preventing the existence and increase of living 
things, over all these parts, and most certainly iu obliterating the 
traces of their remmns, if any were deposited. But as future ex- 
plorers may yet detect them in abundance we proceed to consider 
the nature and classes of fossils elsewhere discovered in the Silu- 
rian strata. 

Animal Ebmaihs. Here, in this series of rocks, we are carried 
back to the beginning of life upon the globe, in which we see the 
very dawn and commencement of earthly enjoyment, the first 
forms and races of creatures which were privileged to eat at tlie 
banquet of creation. As matter of history, therefore, nothing can 
be more interesting; as a subject of mere curiosity concerning 
ancient rehcs, the most ardent archjeologist will be amply grati- 
fied ; aud as showing the manner of the divine actings in replen- 
ishing the earth with living things, the word and the works of 
Deity are agmn to the devout inquiring mind brought into pleas- 
ing harmonious comparison. 

We find that the creatures belonging to this first epoch of or- 
ganic existence are, generally, low in the scale of animated being. 
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The rocks in which their remaiiia are imbedded are, in some in- 
stances ahnost entirely composed of organic matter, showing that 
life at first was not bestowed sparingly, or, througli some hidden 
mysterious processes, stealthily introduced upon the stage ; it ra- 
ther appears in an abundance and variety, speaking of a purpose 
in obedience to a designing creative aet. As suitable to the con- 
dition of the planet, not at once but by successive arrangements 
brought into a state of adaptation for sxistsuning Efe, the aiumala 
now formed appear to have been chiefly of the invertebrate divi- 
sion, that is, animals of camparatlvely simple structure, destitute 
of a bony skeleton, suited to Eve in shallow waters and muddy 
bottoms, and to be content with such fare as an infant state of 
things over the young earth could produce. Among these an- 
cient families are graptolites, — many of them zoophyfic bodies, 
allied to the modem sea-pen; crinoids, or lily-shaped aaimajs, of 
beautifully-developed forms; and trilobifes, crustacean creatures 
divided into three doraai lobes. There are several species of each. 
And so accurately has nature adhered to her plan of operations, 
that we find the corals of that early age doing the same offices, 
and piBug up similar submarine reefs, by which these busy little 
architects are still distinguished. The mollusca of the period are 
very numerous, embracing almost every order and form of shell 
that are found in our present seas, though wholly of different spe- 
cies ; conchifera, brachiopoda, gasteropoda, cephalopoda, ptero- 
poda, beside the heteropoda, of which there are no existing 
analogues. The habits of all these orders must have been nearly 
the same as those of our modem types. The cephalopoda, em- 
bracing the nautilus and orthoceras tribes, were then as they are 
now, the tyrants of the deep, furnished with eyes and ears, and 
armed with powers that enabled them to roam and prey at will in 
the bays and estuaries of the primeval world. There have 
been named and catalogued of these first forms of the moving 
creatures of the deep about three Limdred and fifty distinct 
species. 

But, beside these, there have been discovered in the ailurian 
rocks six or seven genera, involving a still greater number of spe- 
cies, of fishes of the order of the Pla«oids, so denominated from 
the broad scales or plates with which tliey are covered. The 
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probability is, that more of these higter organisms will yet bo 
bi-ougLt to light, as all the strata of the system consist of marine 
deposits, and only the most limited sections have anywhere been 
explored. They constitute the lowest of the fossiliferous beds ; 
are generEilly found, except in Russia, in a veitical or highly in- 
clined position, and consequently but little of their superficial area 
is exposed. Here, however, geologists have named and described 
an Onchus Muiohisoni, a Theiodus parvidens, aud other four ge- 
nera of equally erudite-sounding names. The onchus type is 
continued, and greatly multiplied m speeies, in the two succeed- 
ing foi-matioES, when it dies out, or at least no trace of the genus 
is found in later times; while the rest appeal' to come and to de- 
paii; within their own geological epoch. These organisms are all 
as yet termed Ichthyolites, that Is, simply fossil fragments of fish, 
as no entire animal has been anywhere detected, while of their 
true class M. Agassiz affirms with confidence. Teetli, fins, spines, 
occur so abundantiy in a stratum of the Upper Ludlow series in 
Wales as now to be termed "the bone-faed," giving assurance 
that the seas were thus early stocted with the finny tribes. The 
families of most of these fishes have yet to be determined. But 
nature, though in her operations " simpler tlian man's wit would 
make her," was still pretending enough to be shaping out thus 
early the higher types of life. 

The science which introduces to such sights and studies, occu- 
pies no mean place among the vaiioua branches of human iaquiiy. 
To neglect to decipher what is so indelibly recoi-ded on these 
pages of creation, is ivillfully to shut oneself out from what has 
been actually preserved for information — a voice from the past, 
which speaks in the same distinct articulate language as the pre- 
sent of the fiat of Omnipotence. No object is mean or contempt- 
ible which divine wisdom has formed, aaid no subject is unworthy 
of investigation which illustrates His ways and works during any 
period of creation. 

The mind, at this starting point of life, is curious to know what 
amount of information can be obtMned as to the organic structure 
and specific characters of these first denizens of earth, so as 
to compare them with the forms and species of the analogous fa- 
milies now existing. The information derived from this first 
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chapter in palseoiitology, we believe is, that tJie earliest specimens 
of organiaafion are as perfect as the latest, each after its kind; 
and that, in these moraing-days of existence, nature at once 
stamped, -with her plastic hand, her lineaments of beauty and 
adaptatioa on everything she made. There is nothing omitted 
to be afterward supplied — nothing formed defective in a single 
part or organ that requires to be corrected. The first discoveries 
in geology at once speali conclusively of a plan or conrse of crea- 
tion derived from the beginning — a power, not delegated, but 
linked forever with tbe first inteUigent cause — a world, through 
all its changes, continuaOy presided over and ruled by Him who 



VBOErADLE Remains were long wanting, and sought for in vain, 
to complete during this period the picture of the ancient world, 
as described iu the pwjes of revelation. Geology, indeed, had 
everywhere sternly held back the required evidence, and animals 
were announced to be the first of living things. This, though con- 
trary to all analogy with regard to the coaditioas of animal sub- 
sistence, was generally received as a well established dogma ; and 
tbe earliest book of history was laid aside, or its statements in 
these circumstances regarded as irrelevant. Vegetable remains, 
however, have been detected in the oldest fossiliferoas gj-oup of 
rocks, and this apparent discrepancy has been forevermore dis- 
proved. Fucoid plants are found in great abundance in the trans- 
ition series of S tj dini di as well as in the siluriaii strata of our 
own island. Tl at tl ey a e not more widely distributed is satis- 
factorily accounted f by experiments which show that some 
species of plants eati ely 1 ppear in water. A productive flora, 
therefore, may ha e ex ted from the earliest period, but, unable 
to resist dec mpo don all traces thereof have long disappeared 
from the tablets of tlie earth. 

Nay, so abundant in some quaiiei-s of the globe has vegetable 
matter been at (his period, that there are traces of beds, approxi- 
mating to coal, entirely composed of it, and the rocks inclosing 
these beds so charged with bitumen and carbon as to be used as 
fuel. " The silurian strata of the Scandinaviaji peninsula and the 
Island of Bomholm, contain," says Professor Forchhammer, " in 
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their oldest parts, large beds of aluminous slate, whicli is uaed in 
a great number of manufacfories for making alum ; and this 
aluminoua slate has the great advantage over those slates of the 
carboniferous system of Germany and a part of France, that it 
contains the suf&cient quantity of potash which is required to 
mate alum." It is well known that potash constitutes an in- 
gredient in most vegetable bodies ; and that when a plant is 
burned there remains a skeleton of this substance. Hence, possi- 
bly, the origin of the potash in the alum slate. But the argu- 
ment do«s not rest upon inference. The same authority relates, 
that in Eornholni aud in Scania, the southernmost part of Sweden, 
this slate contains a great number of Impressions of a fuooidal 
plant, of which Liebmann has given minute botanical descriptions. 
Tten, pursuing his interesting tale of this first flora of creation, 
he says, — " According to Professor Keilhau, Professor Boek. and 
M. Esmark, the same ceramites occurs frequently in the alumin- 
ous Silurian slate of Soiitliern Norway. Recently M, Hisingerhas 
figured an imperfect specimen of it from Berg, in the province of 
Ostergothland, in Sweden. Thus this fucus appears to be charac- 
teristic of the alum slate of Scandinavia : and I can scarcely 
doubt that the most characteristic properties of the alum slate, as 
depending upon its carbon, its sulphur, and its potash, are de- 
rived from the great quantity of sea-weed which has been mixed 
up with the clay, and whose carbonaceous matter so affects the 
whole rock, that the slate is used as fuel for boiUng the aluminous 
liquor, and bumuig lime ; and in some parts of the province of 
Westergothland in Sweden, even small courses of true coal occur. 
There can hardly remain any doubt that this coal is derived from 
sea-weeds, of which fossil parts have been found, for not the 
sUghtest trace of land plants has ever been discovered." 

These are instructive facts, yet greatly to be extended, when, 
we question not, the land will also contribute of its flora to 
complete our knowledge of the most ancient foasihferous strata. — 
But recently, hands of true coal have been discovered completely 
inclosed in this group of rocks near Oporto, the town of which 
stands on a ridge of granite, four or five miles wide, with mica- 
slat* and gneiss resting on both sides. To the eastward, these 
again are overlaid by sedimentary rooks, chiefly clayslate; which. 
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commencing^ on tte coast about tliirty miles north of Oporto, nm 
down and cross tLe Douio, about aixteen miles above that town. — 
To the south of Vallaiigo, the strata overlie a deposit of anthra- 
cite in several beds, some of them from four to six feet thick. — 
This coal ia noiv worked in several pits, and principally sent to 
Oporto. Along with it are beds of red sandstone and black car- 
bonaceous slates, with vegetable impressions too indistinct to be 
determined, but strongly resembling ferns of tlie coal measures. 
In the shales above this coal Mr. Sharpe, the discoverer, found 
many fossils, as orthides, trilobites, and graptolites, most of them 
new species, but others well known in the lower silurian rocks of 
Northern Europe. It would thus appear that the coal deposits of 
Oporto are included in the silurian formation, and are far below 
the usual level of the coal. 

We cannot overvalue the theoretic importance of these discov- 
eries, which do not indeed bring to light any exuberant variety 
of the vegetable trihes, such as the earth afterwai'd threw out of 
her affluent bosom. But they mark sufficiently ihe peiiod when 
plants, according to the geological reading of the history, first 
make their appearance on these lithological pages: fucoida and 
algcB are there in abundance, to give the vegetable portion of the 
narrative, as trilobites and molluscs form unquestionably the pre- 
dominating features of the animal department. The coal-beds 
of Oportti — should their position turn out to be truly defined — 
show the dawning of a terrestrial flora, not sparingly but luxuri- 
antly developed: and thus the Silurian period may be regarded 
tliroughout as sufficiently characterized by well-marked types of 
vegetation, more doubtful in the higher forms, but determinate in 
the acotyledonous and cryptogamic tribes which prevail indiffer- 
ently from the lower to the upper beds of the system. Nor do 
we recmire to overstrain the statement, by questioning nature or 
revelation as to the species, genera, orders, and classes of vegeta- 
bles referred to in their respective pages. They are coincident as 
to the great truth itself, that plahts did exist in the earliest 
" days " of the earth's history. As a science, nothing is taught 
in the Sacred Becord. Wone of the tecJmicahties of physical in- 
quiry are employed. But a beautiful progression, and elimina- 
tion of one thing after another, are intimated. The light is 
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separated from the darlmess. A firmaineiit is set in tlie midst of 
the waters. The first plant that burst from the soil had thus 
every element provided which its nature and habits rercuired — the 
light, to which it turns and ever yearns after — ^the air, in which 
to perform its respiratory functions — the water, from which to se- 
crete the juices of circulation — and a dry land, out of which to 
elaborate materials for its structure. This is a Wisdom, which is 
above all philosophy, instructing in tlie elements and principles of 
things, long before botanical arrangements were dreamed of, or 
"bushy dell "there was, where 

- hoai'y-lieaded froats 



FslL in t]ie treah lap of tlie i 

The Silurian group of rocks is very widely extended, as in 
Britain, France, itussia, the north-west of Asia; in South Africa, 
North and South America, the FalHamd Islands, and Australia. 
The most ancient physical features of the Old World can almost 
be recalled, as we thus trace the outline of the deposit, marking 
out, by its geograpbical distribution, the primary islands and 
mountain peaks of the aboriginal land. How changed the very 
face of things — continuity between states and kingdoms where 
seas now roll — and all the great continents occupying the sites 
over which the w iteis held un! ounded way! 
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CHAPTEa IV. 

THE DEVONIAN SYSTEM, OR OLD HED SANDSTONE. 



' requires not, like the tourist, to be told of tlie vari- 
ous conflicting roads that run among the mountains, ill wliat precise 
course he is to wend his way. He wiU follow his o\vn pathways, 
roads of nature's forming, guided by the strike and lie of the 
rooks rather than by the beaten tracks of every-day hfe. But 
come whither he will — through Glentilt, Gknericht, Glenbeg, and 
the Spittal, Glenisla, and Clova, — or along the Dee, the heights 
of Glentanner, and penetrating to the sources of the Esks — sure 
we are, wien he reaches by any of those passes the frontiers of 
the Grampians, he will pause and gaze wistfully, thoughtfully, ad- 
miringly, ere he descends, upon the magnificent prospect that 
stretches before him, unrivaled by any on the terraqueous globe. 
The Gkah-fbn, cdtice, the shelvy or precipitous summit, Roman- 
ized into Grampius, has its own inner chaiTQS, peaceful roclc-^rt 
valleys where princes dwell, and happy as Easselas ever tjod. — 
And escaped from these, what an outer world beneath, fertile, 
abundant, replete with everything that can charm the eye or in- 
terest the student Looming in the far distance, the Lammer- 
muirs, of silurian origin, can just be descried as a dark-blue line 
on the verge of the horizon; the Ochils and Lomonds, of carbon- 
iferous age, repose like islets on the pendant sky; while, in the fore- 
ground of the picture, there is the most charming variety of wood- 
land, meadow, farmstead, town, and mansion, all as I now gaze 
upon them in their autumn coloring, invested with a Olaud-like 
mellowness that speaks with a moral yet romantic sympathy 
to the heart. The round tower of Brechin, the moldering walls 
of Edzeli, tho frowning battlements of Glammis, the worn-out 
and now verdant ramparts of Dunsinane, have each their crowds 
(43) 
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of visitants, and are all 'within tlie compass of a single day's 
jonxuey. 

The eye of the geologist is in search of another object as it 
wanders over that lovely scene : Kinaordie, the birth-place of Sr 
Charles Lyell, must ever be classic ground in the history of our 
science. It rests on the old red sandstone, and furnishes some 
of the most valuable illustrations in Sir Charles's early sketches. 
What influences, may we here ask, gave being and sbape to the 
i splendid generalizations of this accomplished geolo- 
Is it too much to assume that the philosopher, as well as 
the poet, is all bis life-long captive to first impressions, that the 
scenes of his boyhood claim " a local habitation " for many of his 
future speculations, and that his most matured trains of thinking 
have been dependent upon casual circumstance f ' Bom and edu- 
cated in the shadow of the Grampian^, whu can doubt that the 
spirit within was early stirred to lofty ■m*'ws as he gazed iipon 
their elevated forms, and wondeied how then* peafcs rose so high 
in air, and were thus lifted above the vaDeys ? May it not be 
presumed, though the philosopher himself may have no recollec- 
tion of the matter, that his speculations regarding the alternate 
elevation and depression of land and sea had its germ in some 
such happy moment of mountain inspiration? Byron owned the 
influence in al! its power, when, in the rocky defiles and dark pine 
forests of Lochnagar, he had early communings with spiritual 
beings, the wreathe-forms and kelpies of the streams ; and in 
visions imparted amidst the wdds of the Dee, prepared his mind 
for the daring flights of the Alps. The geologist had here all 
the materials of after-thought, which in his various essays and 
works he has so slullfully expanded — from his explorations of 
Bakie-loch with its alluvions, peat, marl, sheila, and horns, in. 
which he had the type of some of his Alpine tertiaries — ^the old 
canoe and ripple-mark here too, the representatives of their far- 
STmdered ages — and onward to his bold speculations on the ele- 
vatory hypothesis, of which the Grampians, as well as Sidlaws, 
supplied him with ample illustrafious. 

The descent from the mountains upon the series of rocks that 
occupy the plains, is one not merely of space, but hkewise of 
time. A geological epoch has vanished, and a new order of 
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lihings has been called into existence. This implies a change in 
the auima! as well as in the mineral kingdom. The change may 
not have been sudden, hut it has been thorough and pervading, 
accompanied by circumstances that show a general shift in the 
sea-bottom, and causes that have been nearly uniform in their 
operation over the surface of the globe. The shift in the aea- 
bottom is detected in the elevation of the siiurian group of rocks, 
which have beea lifted from a horizontal into a highly-inclined 
position : in some instances they are nearly vertical ; and in most 
eases where the igneous rocks occur, they are bent and twisted, 
greatly altered and disrupted, by the process of upheavaJ to which 
ttiey have been eubjecf«d. 

Geology notes in this aa epoch or age of organic existence. 
The superjacent series of rocks ai-e seen lying unconformably upon 
the Silurians, that is, the older series had been consolidated and 
upheaved, and a period of intervening time had elapsed before 
the deposition of the newer. The fossils imbedded are likewise 
distinct and peculiar— one and the same over tlie superficial area 
of the globe — and thus we learn to mark the great and interesting 
cosmical changes which had already begun to be effected. We 
are now among the Old Red Sandstone, or Devonian system of 
rocks, so denominated from their great development in that dis- 
trict of the sister kingdom. 

As contrasted with the former system, the rocks of this period 
indicate considerable disturbance in tlie waters of the ocean, cur- 
rents and agitations mdely prevsuling, and perhaps aiso deeper 
seas. The crust of the earth was still rising, and the mountains 
becoming higher, and these effects would necessarily follow. A 
superior order of animals were introduced. The fishes, which 
be^n to appear in the upper beds of the siiurian group, are now 
increased both in numbers and in variety of structures. The inver- 
tebrata were the prevdling types of the former ^e. The old red 
sandstone is pre-eminently characterized by the vertebrata, when, 
completely adapted to the element to be inhabited, maOed and 
plated over with thick homy scales, huge bony heads, fins and 
tails of corresponding strength and size ; the Sauroid family ap- 
peal- upon the stage, capable all of buffeting tiie waves and fulfill- 
ing their destiny amid the greatest commotions. The fish of this 



Host.d./Gciogic 



46 THE DEVOHJAN sreiEM, oa old red sandstone. 

early period are generaUy well preserved, even betfer than those 
of tJie tertiary age, in consequence of their osseous scales being 
harder than the bones, and which, from their interlocked arrange- 
ment, have contributed to preserve the general form of the body 
when the inner skeleton has disappeared and every other part and 
organ have been destroyed. 

The old red SMidstone formation is very extensively distributed 
in the northern counties, forming a great belt round the coast 
from Caithness -shire to Aberdeenshire, and consisting of three 
well-marked divisions, the lower, middle, and upper series of beds. 
The strata flank the northern walls of the Grampians and their 
out-liers, traversing the great central or Caledonian valley for a 
hundred miles, and training round the western coast by Oban, 
the shores of Mull and Morven. They are of great thickness in 
many places ; and in some of the beds, as at Cromarty, Lethen- 
bai, and Uamrie, contain nearly all the fossils peculiar to the 
formation. 

The order of Ganoid fishes, which afterward fulfill so distin- 
guished a part in the kingdom of nature, is wholly absent from 
the Silurian group, while, in the Devonian, nearly thirty genera, 
and considerably above sixty species, have been described and 
named. The scales of these creatures would appear to have been 
richly ornamented, enameled, and shining, and hence the term 
Ganoid applied to the order. In the northern districts, beyond 
Ben Mac-Dhui, the following genera, with several species belong- 
ing to each, have been found, namely, coccosteus, cheiracanthus, 
cheirolepis, dipterus, diplopterus, diplooanthus, glyptolepia, osteo- 
lepia, pterichthya. The principal localities of these fossils are — 
the Dipple on the Spey, Tynet Burn in EEmifshire, Seat-Craig 
near Elgin, Altyre on the Findhom, Clune, and Lethen-bar in 
Nmrnshire, Oamrie, Cromarty, and various places in Sutherland 
and Caithness. Shetland is chiefly composed of the old red sajid- 
stone, which yields abundantly the fossils peculiar to the deposit. 
The formation extends through the Orkney islands, inexhaustibly 
fertile in organic remains, and among which have been found 
plates and fragments of the Asterolepis, the largest of all the ge- 
nera belonging to the period : the head and jaws, at least, appear 
to have been of enormous dimensions, and portions of the inner 



A,(H>^IC 



SYSTEM, OR OLD RED 3AITOST0NB. 47 

a miist have been bony, contrary to the general cartilagm- 
ous structure of the class. The Placoids of the subjacent rocks 
have many resemblances to the cestraoions, centriiife, and spinaxes 
of our present seas, their scales being set Uke plates at Lrre- 
giilar distances over the body. The Ganoids, on the other hand, 
whose scales were contuiiious, and enveloped the entire animal, 
have no affinities to any living types. 

Specimens of vegetable organisms are very common in some 
of the flagstones of Orkney, resembUng, in some instances, the 
LycopodiaceEe, or club-mosses, so abundant in the carboniferous 
strata ; and branching fueoid plants, of which portions have been 
found from two to three feet in length, and of neai'ly the same 
diameter of stem throughout. But in tracing the course of ceba- 
TiON in this department of her works, the most important fact to 
relate is, the discovery of a coniferous lignite, imbedded in the 
old red sandstone of Cromarty. This interesting relic was ob- 
tained from tliese beds, several years ago, by Mr. Miller ; and, 
though still of that remote age an instantia sohtaria of its kind, 
like the foot-print of Robinson Crusoe, it is the sure token of a 
race that inhabited the island, and harbinger of a luxuriant flora 
then waving along the shores of the boundless waters. These 
northern locahties, on the mainland, as well as in the islands, are 
also remarkable for their shell-beds in this deposit, while very 
few of such organisms have yet been detected in any of the Scot- 
tish rocks of the system to the south of the Grampians. The 
relics are confined to one species of shell, resembling in general 
appearance the form o! the Cyolas, and are found in various 
quarries in the distnct 

What a revolution m letters, knowledge, and civilization since 
the days of the Eomansi This, their Ultima Thule! and a sci- 
ence in the -very rocks of which they never even dreamed. 
Proud they were of their fabled origin from the twin boys suckled 
by fie wolves. Here are the spoils of ages long anterior to their 
myths of remotest genealogy — families of creatures that had ful- 
filled their destiny — buried in the sand, and upheaved into lofty 
mountains, while the Seven Hills of their proud city slept beneath 
the waves. 
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Wp no-w piO((.eil t ti Kse thr rrdei of the ± imaticn btuthward 
of the Giampian chain 

1 The consljini'iate a deep led and weU maiked depo&it, 
skirts the ta e of the mounttma ind m some placps is of vast 
thicknesi hetwixt ^onehaven and Blairgowrie This rock is 
compjsfcd of fragments of the pnmaty senea gneiai mica slate 
quirtz and porphyry the giiimte constitutes the paste m which 
these are set and agglutinated togethei Exi client sections aie 
to be ^een m those locihties where the principal n\ers the Korth 
and South Esks the Wast WatPr the Isia ind the Eiidit make 
then passage in debouching upon the plains In all these defiles 
the cliffs are piei^ipitous and often very picturesqup tteir vane 
gated and bright fiesh colored sides torming a pleasinj> contiast 
With the daik waters as they eddy into peels <:r dash headlong 
o\er then broken ledges A momentary msp tion tf this cum 
poaite iock leives not the shadow of a doubt upon the mmd as to 
its denvative ongm, while its vicinity to the great chain whei-e its 
several ingredients are to be found as directly points to the quarry 
whence it was hewn: not, it may be, slowly accumulating, as 
generally asserted, during the lapse of indefinite periods of time, 
but rapidly brought together and consolidated, as so m.any of the 
sharp angular edges of the materials most unequivocally attest. 
The finer beds that occur in the vicinity would seem to have been 
the talus or outgoing of the coarser conglomerate, formed of the 
minute particles of the same ingredients which had accumulated 
in the more tranquil hollows of the sea-bottom. The slaty fissile 
sandstone of Coventry Quarry near Fettercaim (so remarkably 
tilted up and welded literally to the igneous dyke), stretching 
througbout the north-east and south-west parts of the counties 
of Kincardine and Forfar, and prevailing over the districts of 
Auchtergaven, Crieff, and Callander, may be mistaken in many 
places for the clay-slate itself slightly altered in testure and ap- 



e origin of the conglomerate 
are fully confirmed and borne out by the fact, that the deposit is 
everywhere fomid precisely where such materials would be col- 
lected, all around the shores of the Scottish I 
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or fringing the base of the crystalline roeks, filling up the creeks 
and hays of the primeval world. After thousands of years the 
massive hlocfe of syenite, chiseled and half-dreased, are still 
lying in the quarries of Upper Syria, while the cities for which 
they were preparing are heaps of ruins in the desert, Kature, 
left to her own operations, treasures up the waste occasioned by 
the elements and other forces, and by thus rising outworks and 
buttresses protects her crystal foundations against the inroads of 
consuming time. 

2. Forming an outer zone orraaipart, and overlapping tlie con- 
glomerate, a gray fossiliferous sandstone constitutes the next mem- 
ber of the Devonian groap. This deposit is widely extended, and 
conaiatB of several beds. One of these is a fine-grained, compact 
building stone. Another, the well-known flag-stone, is of a more 
slaty tezture, of a dark-blue color, and abounds in mica. These 
sandstones occupy a great part of the eea-ward barrier by Mon- 
trose, Arbroath, and the high grounds of Carmylie. They fold 
over the Sidlaws on both acclivities of the range, where they form 
a well defined example of what geologists term the anHclinal and 
synclinal axes, that is, the rock curves and reduplicates, like a 
soft flexible substance, according to the undulations of the sur- 
face. The several beds cross the Tay in the direction of Dundee, 
and emerge on the opposif* banks at Wormit-bay, Parkhill, and 
Wewburgh; ranging eastward along the northern slope of the 
Ochiis by Norman's Law and the high table-land of Baimerino. 

3. A limestone rock, termed cobhbtomb, from its practical ap- 
plication to grinding purposes in England, occupies a place among 
the old red sandstone series. This deposit occurs in thin bands 
of a dull yellowish or blue-colored stone, contmning numerous 
cherty nodules, and, where compact, is of a sub -crystalline tex- 
ture. The comstone generally contains more of siUcioua than of 
calcareous matter, and is consequently not much prized for build- 
ing or agricultural purposes. In Scotland no organisms have been 
as yet detected in it, but in England it yields abundantly remains 
of the cephalaspis and various crustaceans. This rock is not co- 
extensive with the other members of the group, nor do we find it 
continuous in any part of the district which it oooupiea. It is 
generally found in small detached patches, as aA Glen-Finlay, 
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Meigle, Cargill, on the north of the Sidla\¥s; at BaEendean, Rait, 
Meurie, in the Carse of Gowrie ; at Parkhill, Fewbnrgh, Clunie, 
Kinnaii'd, on the soutli bank of the Tay; and at Newton and 
Craigfoodie, on the southern face of the Ochils. At the New- 
bnrgh station of the Edinburgh and Korthem Railway the corn- 
stone ia inclosed among the enipljve rocks, partaking of their 
common iadnration, and, except in its distinct lamination, cannot 
be distinguished in color or texture from the traps. 

4. A rock-mail underlies the cornstone in the form of a reddish, 
variegated sandstone, and contains about fifteen per cent, of hme. 
Deep sections of this caloareo-aienaceous deposit are displayed 
along the basin of the Tay, on both sides, from the confluence of 
the Isla fo Stanley, at Pitcaim Green on the Almond, and occupy 
the ridge from Methven to Crieff. A remarkable yein of serpen- 
tine skirts the base of the Grampians in a south-east and north- 
west direction, of a beautiful dark olive-green, in some places of 
a blue and whitish color, and at Cortachie Bridge, where it crosses 
the Esk, contmning crystals of diaUage. Ttis dyke widens in 
some parts to nearly ninety feet, of a hard compact texture, and, 
as the marble of the district on the lakes of Clunie, it is exten- 
sively used for ornamental purposes. 

5. The geologist, as he pursues his journey by either of the 
lines of railway that intersect Forfarshire, has still many interest- 
ing localities and objects before him. Traversing "the fertile 
plwns of Gowrie " by the Perth and Dundee Junction, he enf«ra 
at Inchture upon a higher member of the old red sandstone, a 
fine-grmned yellow-spotted bed. The deposit first appears to the 
eastward of Inchture, in the den of Balmddery, where its out- 
crop is seen immediately to overlie the gray fossiliferoua beds. — 
The same variety emerges on tlie opposite bank of the Tay at 
Birkhill; at Abernethy, where it abuts at nearly right angles 
against the trap in a small ravine to the south of the village; 
whence it skirts the base of the Ochils, and occupies the center 
of Stratheam at Dumbarnie. The Clash-bennie sandstone, doub- 
ly interesting from having furnished the first and best specimen 
of holoptycMus, the type of its age, may be regarded as an ex- 
tension of the Balruddery and Inchture rock. The beds vary a 
littl« in their lithological characters, as well ae in the deep flesh- 
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color predominaEt in the latter; still the spherical markmgs are 
there, and, as their organic remains are identical, their ptwition in 
the series may be considered as one and the same. The yellow 
or upper beds of the old red sandstone fall next to he considered ; 
but these, from their geographical limits, are defen-ed to the sub- 
seqwent chapter. 

6. Approaching Perth by the Midland Junction, the geologist 
cannot fail to be arrested by the vast acoumulations of sand and 
gravel, which everywhere present themselves, sometimes in the 
deep cuttings and railway secliona; sometimes in the shape of 
rounded hillocks or long narrow ridges ; and at other places as ex- 
tended plateaus or sea-jnarjpns of different elevations. Along tlie 
whole western and southern slopes that overhaEg the city, these 
objects give a pleasing variety to the landscape, and form inter- 
esting subjects of speculation as to their ori^, doubtless the 
gathered wreck of all the rocks we have been contemplating ; for 
after a careful examination of their contents the conclusion cannot 
he avoided, that with much of the spoil of the primary rocks, 
we have here the detrital waste of the entire old red sandstone 
series. The Carpow cutting, in Stratheam near Newburgh, con- 
tains large rounded masses of all the varieties, with their peculiar 
ichthyolites ; the gray, red, and yellow deposit that prevails in 
Fifeshire, and one solitaiy patch of which stdl etiste t» silu, near 
the Kirk of Dron, as if on purpose to maik its ancient and more 
extended boundaries. Nodules and bowlders of the comstone are 
likewise abundant. In the virmity of Ptrth, the waste of the 
yellow sandstone is to be found, unmis.ed m several spots, con- 
sisting of thick beds of fine argillaceous sand 

Similar masses of gravelly debns aie 'ipiead over the middle- 
basin of the Earn, from Fortei zot to Muthil The Scottish Central 
cleaves its way for ten nules through scarcely any other material. 
The dreary monotony of these endless hillocks, around Auch- 
terarder and Blackford, is relieved in part by the fine undulating 
grassy braes of the Ochils, and the richly-wooded rising grounds 
skirting the left bank of the river. The geolo^st's eye wanders 
eastward, through the district occupied by the lower badn of the 
Tay, where tte whole was one great estuary or strmt, and iJiese 
the skoals covered by the ancient waters. The eastern shores. 
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from Wormit bay fo Leuctars, are accordingly characterized by 
vast accumulations of sand and gravel, originating in the same 
causes and deposited at the same period. 

It will excite no surprise, therefore, should we remark that the 
various beds of old red sandstone now so disjoined, or appearing 
only as patches, once covered the greater part of the district 
traced above, extending from the Ochils across the Sidlaws to the 
Grampians. Nor can there be difficulty in finding an adequate 
cause for their up-break, especially in the upper members of the 
group. Consider not merely the constant waste arising from 
aqueous abrasion and meteroic influences, but also the tearing 
effects ocoafiioned by the convulsive throes and elevatory move- 
ments of the Grampian, Sidlaw, and Ochil ranges, either singly, 
or, as it may have happened, in combination, when tlie overlying 
rocks must have been shattered and broken in every direction, 
and rendered capable of easy transportation. Althoiigh belong- 
ing to a posterior geolo^caJ epoch, these hillocks of gravel and 
sand are thus the collected records of primeval times, attesting 
liiat mighty agencies have been at work in rending the globe, re-ad- 
justing its materials, and preparing tbem foi future combinations. 

How speedily, in these first days of cieation, does geology 
make us acquainted with the habihty to change and mutation 
stamped upon all earthly things' The mountains aie laised up, 
and their earliest struggles are to get down again Nor is it the 
law of matter, if we may use the eipiession, to nse The waters 
seek the hollows of t]ie earth, because they are matenal. The 
rocks, more solid, are subject to the same prmciple of giavitation, 
and their course is downward, and then natural plaice the bottem 
of the waters. When the rocks were separated from and elevated 
above the watera, it was not by any virtue or power in themselves 
to assume these positions. The separation as weU as the eleva- 
tion were tlie results of direct arrangement; both certainly pro- 
vided for in the original plan, and yet not the less brought about 
against their own material tendencies by a special agency. Geolo- 
gy thereby establishes the fact, that the mountains were raised 
up and the dry land ooMMANDEn to appear. And now, decom- 
posing and wasting down, we see them seeking back to their old 
places, to be there re-constructed, and to subserve other purposes. 
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The Oroakto Remainb, whioli fall next to be described, are 
confined to three of the beds, as eimmerated above. The first of 
these, la the order of superposition, is tlie micaceous flagstone of 
Caxmylie and Arbroath, likewise extending along the south bank 
of the Tay, and distmguished by the vegetable culmiferous im- 
pressions with which it abounds. These, jn some places, are so 
numerous, as to cover the entire surface of the rock. The idea 
of an ancient marsh is immediately called up in the mind, as one 
sees stone after stone split up, and all the interstices mottled and 
streaked oyer with the stems and leaves of the plants which were 
fed by its waters. While we write, every pond, and every lake 

in the neighborhood has crept quietly under its carpeting of ice, a 

congelation of the living with the dead. How beautiful and dis- 
tinctly dehneated the culms and leaves of the chara locked in its 
crystal embrace ; the flower of the juncus yet lingers on the stalk ; 
and there, how gracefully float the long broad continuous stems of 
the scirpus lacustrisl The pike and perch, both typified in the olden 
rocks, may be seen motionless as a stone, or softly buoyant as the 
down, in the clear depths below. Bot so brightly, but now as 
fixedly set, and as minutely preserved ai th f gm t f t! e 
flora of the Devonian age: if blackened and j tty n tl 1 ary 
antiquity, these films of mica give hgl t tad 1ft th d k r 
background of the picture; and shapes, tuf th p t ng n 

the waters, — the seraphim and buckl h d d phala j — 
which painter never conceived, nor poet f n d 

These fossils are not in a state of p t fa t n lut g Uy 

consist in the form of an easily -separated filn f b s 

matter, or more frequently as a simpl ly aik n % m - 

times, but very rarely, the plant is found betwixt the slaty layers, 
as it were in a dried state, and still perfectly flexible ; and the im- 
pressions not unfrequently resemble the nai-row striated leaves of 
the alopecurus geniculatus, the floating foxtail- grass, with its 
knotted culms. There are other specimens, that look like the 
bark of trees, or the branches of the gnarled oak, ribbed and 
jointed crosswise. The round dotted patches, varying from the 
size of a garden pea to an inch in diameter, not unlike, in shape 
and appearance, the form of a compressed strawbeny, are very 
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plentiful. Dr. Fleming, in Cheek's " Edinburgh Journal" for Feb- 
ruary, 1831, has figured this organism in connection with the stem, 
which thereby forms a graceful and well-defined flowering plant, 
while Sir Charles Lyell considers these berry-shaped forms to be 
tlie relics of the ova of some gasteropoda of the period. But at 
"Woroiit and Parthill they are so uniformly, and in such numbers, 
associated with the culmiferous and leaf impressions, as most 
strongly to vindicate their claim to a vegetable origin. We have 
in our collection several specimens, with this organism separated 
certainly from the culm, but still in such closeness and propor- 
tjonate size, as, with little aid from ihe imagination, to infer their 
former connection, and assign to them a place among the phanero- 
gamous and seed-yielding plants. If so, we cannot too highly 
prize these reUcs, regarding them, as they undoubtedly are, 
among the oldest of organic substances — the first of the green 
herbs that sprung from the earth — the fragile flower, that withers 
oftea in a day, there to attest the mandate of primeval creation. 
How many seasons have returned; how many seed-times and 
harvests have covered the fields ; what revolufiona and changes 
over all these hills and plains, since that flinty rock formed the 
soil, and these vegetables sprung from its fertility ! They are 
not admitted among the economic order of the graminese ; nor 
whether of marine, semi-marine, or lacusU-ine origin, have geolo- 
gists been able to determine. 

Of the Animal Remains of fislies belon^ng to the gray sand- 
stone, the Cepbalaspis Lyellii was one of the earHest discovered, 
aa it still constitutes one of the most remarkable of these fossil 
relics. The head of this creature, and hence the name buckler- 
headed, is large in proportion to the body, forming nearly one- 
third of its length. The outline is rounded in the form of a cres- 
cent, the lateral horns inchning shghtly toward each other, while 
the anterior or central parts project considerably oiitward; this 
peculiarity of structure is occasioned by the intimate anchylosis 
of all the plates which compose the cranium. The body resem- 
bles in appearance an elongated spindle, swelling out on the ridge 
of the back, and narrowing to the extremity of Oie tail, which 
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tenninates in a long slender point. How like, jieradventure, tte 
very dagger with which the murderous Thane of Glammis threat- 
ened to render — 



The sanguineous fluid, in those days, was not indeed very plenti- 
ful; but the shai3)-homed orthocerfe, and the swift predaceous 
nautili were cotemporaries; and hence, either for protection or 
attack, we find that, while the head of the Oephalaspis was one 
entire plate of enameled bone in the upper division, the body was 
wrapped in a closely woven net-work, of bony scales, of peculiar 
form, and differing from the scales of every other genus of gan- 
oids. The scales along the center of the sides are so high, that 
their breadth ezceeds their length eight or ten times, occupying 
more than half the height of the animal. Everywhere meshed in 
smaller but equally impervious nettings, there axe of the larger 
scales, from twenty-six to thirty covering the sides, thereby com- 
pleting a mail-clad figure of a singularly warlike aspect, and bid- 
ding defiance, like hia great anti-type, to all his foes, — " let fall 
thy blade on vulnerable ckests " — but now, like Banquo'a ghost, 
"the hones are marrowless." 

These curious fossils were first detected in the quarries at 
Glammis, by Sr Charles Lyeil, and from their striking resem- 
blance to the cephalic sliield of certain trilobites, were siipposed, 
for a time, to belong to the class of crustaceans. The beds of 
Carmylie and Balruddery, yield these organisms in the greatest 
abundance. One solitary specim.en, a fragment of two inches in 
lengtJi, of the smaller scaly net-mesh, has been obtained by me 
in the gray rook, on the south hank of the Tay. The heads are 
uniformly in the best state of preservation; indeed hundreds of 
these he entire, whei-e no part of the body has left the trace of an 
impression. M. Agassiz assigns, as the reason of this, the great 
difference that exists in the structure of tliese two parts, and es- 
pecially in the disproportion of their dimensions and forms, wliich 
would offer a distinct resistance to the pressure to which the ani- 
mals must have been exposed. " If, on the other hand," ha 
adds, "the heads usually present their superior surface to us, it 
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18 fcecause tlieir mfeiior surftce, the cavity of the mouth, the 
branchial arch and ainuosiiie? of the inferior bones of the cranium, 
are points of support compaiatively more soUd, and more adapted 
for sustaining the matter which has filtered into them, than a 
larger surface slightly convex, which ■would naturally be detached 
from the rock wherever a separation was found in it." 

Thk Den or Balruddbrt presents us with a group of very 
remarkable fossils, comprising, in aa area of the gray sandstone 
of a few square yards, inmiraerable impressions of the plant- 
markings already noticed, multitudes of the Cephalaspis, spines, 
and other ichthyolites, along with two entirely new genera of 
fiskes of the order of Placoids. The sandstone here is of a very 
slaty character, splitting up into thin layers, betwixt every one of 
which some organism or other has impressed its form ; and the 
different kinds are often so promiscuously huddled together, as 
to suggest the idea of some violent commotion in the element 
which collected and destroyed them. In the "Synoptical Table 
of Briiieh Fossil Fishes," by M. Agassia, we find inserted a Pa- 
rexus reeu^-vus, and a Clematius retkulalus, from this locality; they 
are represented simply as ichthyodorulites, no complete specimens 
of the creatures having been presented to Mm, nor indeed have 
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des rapporte floign^s avec les Entomestraciis gigantesques du 
terrain houiller, d^crits sous les noms d'Edotea et d'Eurypterua." 
The Lobster, accordingly, of Balruddery is the first discovery of 
its fossil kind ; portions of nearly every organ of tlie body have 
been found, so as to make the restoration of the crustacean com- 
plete : a creature of at least four feet in length, and as in the 
fishes of this epoch, the shelly covering is dotted all over with 
enameled scale-like markings. THs magnificent collection re- 
mains still undescribed, hundreds of the speeimens, from the 
minute to the gigantic, and of the greatest diversity of character, 
being only detached fragments of the structures to which they 
belonged ; but enough have we there to testify as to the early- 
prolific abundance of Nature, and that, throughout all ages, her 
types and forms of life are wonderfully allied. 

Theiuterestinglocality of Balruddery is succeeded by anotherin 
the ascending order of the strata, but lower on the plain of the 
Carse of Gowrie, — Claahbennie, situated about six miles to tho 
westward. This rock is well entitied to be denominated die Ho- 
loptychius Bed, as here the first complete specimen of that remark- 
able genus was obtained, and of which there are three species in 
the deposit, namely, H. Giganteua, Noblissimus, and Mnrchisoni. 
Three other genera, of the ganoid order of fishes, have left their 
relics in this bed, some of them iu a beautiful state of preserva- 
tion; these are Glyptoateus reticulatus, Phyllolepis coneentricua, 
and Glyptolepis elegana, all named and described by M. Agassiz. 

The Holoptychius ranks among the family of Ccelaeanthes, and 
the term Holoptychius (holos, entire; and ptyche, a wrinkle) is 
applied to the fossil from the circnmstaace of the scales being 
covered with wrinkled dots or markings, the enameled surface of 
which is indented with deep undulating furrows. Another cha- 
racteristic feature of this genus consists in the distant position of 
the ventrical fins, being considerably removed toward the tail, 
and in the arrangement of the braJichial organs, which form two 
large plates between the branches of the inferior ray, as in the 
genus Megalichthys. The structure of the "nageoira," the 
rounded form of the ventrical fin, and the manner in which the 
rays of its anterior edge are insensibly prolonged, in connection 
with their relative thinness, are also marked distinctions. The 
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bead of tlie Holoptychius is remarkably small ia. compaiison witb 
(be size of tbe body, wbicb, in tbe Clafibbennie specimen measures 
tbirty iacbes in lengtb by twelve in breadth. Tbe scales are still 
disproportionately larger tban eitber tbe head or body, some of 
them being nearly three inches in lengtli by two and a half in 
breadth, with a corresponding thicknesa. Tbe structure of tbe 
dermal covering is beautiful in the extreme; it is composed of 
these scale-plates, arljculafing, and laced together in such a way 
as to combine the greatest possible strength with tbe highest de- 
gree of flexibOity ; and, protected by a rich coating of enamel, it 
must have been capable of the greatest endurance, and of resist- 
ing any pressure. Two thickly set rows of teeth ; one inner, and 
extremely minute, the other large and pointed, completed the 
equipments of a moutli adapted to seize and crush to powder any 
intruder upon its pasturage. The vertebral column extended to 
the extremity of tbe tdl, which was forked or divided into two 
wnequal lobes, a contrivance of nature tliat enabled tbe animal to 
turn quickly on its back before striking its prey. This form of 
the tail is called tbe Hbteeochkcal ; it is characteiistic of most 
of the fishes of the period, and prevailed during the pateozoio 
age ; when it gave way, at tbe era of tbe chalk formation, to what 
is termed tbe HoMOCBaoAt structure, and which still exists in tbe 
fishes of the current epoch. 

The Pbyllolepis is a very striking genus of the same family, 
and has also been noticed at considerable length by the Swiss 
natuialist. The scales, or other plates, which covered tbe body 
of this fish are of enormous dimensions, being nearly half a foot 
in diameter, and rounded to an obtuse angle. What distinguiishes 
them from all other scales, and particularly from those of tho 
Holoptycbins, with which tbey have certain external resem- 
blances, is their extreme tenuity, consisting simply of a film of 
enamel spread over a thin osseous membrane, scarcely so thick 
as tbe blade of a knife, and varying from three to five inches in 
diameter. Their surface is smooth, or slightly marked with con- 
centric wrinkles parallel to tbe edge of the scale. Two species 
of this genus have been found, one in the old red, and the other 
in tbe coal formation. In the Clashbennie sandstone only a few 
detaobed scales have been detected, but sufficiently well preserved 
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to show the superposition, or imbrication, perhaps, in ivhieh they 
stood relatively to each other, the wrinkles serving as grooves by 
which their adhesion was more finuly effected. One decided 
characteristic of this organ in the PhyUolepis concentnms is, that 
it is a little raised toward the middle, whence it again declines or 
sinks on all sides, after the manner of a roof. 

The sandstones flanking the hil! of Kinnoul, and stretching 
along the left bank of the Tay, by Scone and Lethendy, appear to 
be a continuation of the Clashbennie beds, as also those occupy- 
ing the ridges by Ruthven and Dupplin, where they assume much 
of the fissile character and micaceous aspect of the Oarmyhe flag- 
stone, but everywhere destitute of organic remains in the whole 
western district from Perth to Caflander. The absence of fossils 
from particular beds has been accounted for in various ways. Bat 
even in the same series of rooks, and where there is no break in 
the continuity of the strata, it ia a maxim of geology that the 
range of fossils is not always co-extensive with the mineral depo- 
sits. Then, as now, the explanation is, tliat the slightest physical 
changes affected the tastes and habits of the animal kingdom; the 
direction and strength of a current; the depth of water; the char- 
acter and qualities of the sea-bottom; the force of fidal action; 
the season of the year, being, it is well known, singly sufficient to 
produce great differences as to the migrations and favorite haunts 
of almost every aquatic race. And hence it is laid down as a 
recognized principle in the science, that a particular bed of rock 
within certain limits is not to be excluded from its place in a sys- 
tiim, and another substituted therein, by the mere presence or ab- 
sence of a certain class of fossils. Individuals, too, will often 
outlive the family to which they belong, and be found in certain 
localities intermixed with the races of a higher group of rocks. — 
And these remarks are applicable to all the formations, less or 
more, from the lowest fossiliferous strata to the latest of tlie ter- 
tiariea. Applied to tie old red sandstone, they serve to explmn 
the fact that, while the precise relative position of tlie western 
beds in the district under review cannot in every instance be de- 
termined, large spaces or areas aje entirely destitute of organic 
.6 which in the eastern, and not distant, localities are detect- 
11 the greatest abundance and variety. The system of rocks 
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13 unquestionably tlie same, but neitber cepbalaspis, parexus, 
clematius, liolopty chins, glyptosteus, pbyllolepis, nor glyptolepis, 
eyer would seem to have frequented these parts; ivhether for the 
reasons above assigned, or for any other local cause, or simply 
that they did not like the region — as the grouse and ptarmigan, 
even now, will not descend to the plains — is one of tho recondite 
problems of animal life connected with the new as well as the 
older state of things. These beds may yet, however, be discov- 
ered to be fossiiiferous, as the smallest space in local distance 
may reveal their hidden stores, to reward the diligent observer, 
and add to our knowledge of tlie aboriginal fauna of the district. 

The lesson farther taught by the varied phenomena which have 
passed under review in this chapter would seem to be, that there 
is nothing fixed or permanent in such arrangements of nature. — 
These are the beginnings of creation, and both as respects organic 
and inorganic matter, change and re -construction have prevailed 
from the earliest p 'od t 1 ' h oui leseaiches can penetrate. — 
The Divine Arlt tddnt complete thmg^ as we now see 
them, in one init 1 t n a> we regaid quieacence and stabil- 
ity, were the el m nt nd t s of nature sp baUnccd as not to 
interfere even in It 11 n ■with one another A world is 
called into exist feto m nd commotion'! rend its tiame. — 

Sea and land c nte d t mistery And eveiythmg within its 
bounds, like th flux f t m like d-vy and night, summer and 
winter, life and d tl b d to have emerged into being and 

form, to have assumed new arrangement'!, then to have perished; 
or gradually, as its natnre might be, to haie consumed away. 

No reason can be assigned for all this as the law or oider of 
events, except the appointment of Him who made and continues 
the constitution of nature as it is. No adequate cause of creation 
can ever be conceived but that of the Divine Goodness; and 
while we never can expect fully to comprehend the wisdom that 
planned, and the power that carried into effect, the purposes of 
that wisdom, still the very effort to attain knowledge concerning 
them, fulfills one great object for which man is made curious 
about the works of his Maker. In contemplating the wonders of 
those days, the variety, adaptation and perfection of everything 
in itself as then constructed, he will always refer to that Infinite 
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mce through whose goodness he is permitted to enjoy 
knowledge. In becoming wiser he will become better. His in- 
creasing knowledge will be made subservient to a more exalted 
faith in ttat everlasting " Word " who framed the worlds; and in 
proportion as the vail becomes thinner througJi which he sees the 
origin and course of things, he will admire all the more the bright- 
ness of Him who was the true light which lighteth every man that 
Cometh into the world. 
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CHAPTER V. 

YELLOW SAKDSTOKE. 



Dura Den vh thei the see e of o r explorat n no v st fta 
O cup e a o ntril po t on n F f li fp a d 1 es e ]| d s ant 1 e 
tw s St AnirewB and Oup r tl e CO nty toiin This cU o 
field ol g ology s therefore of t! e ea e&t aeaeii, Tke ra Iway 
tiaveraes tie openn^ to tl e ayme a lovely valk} of cho ce 
ar h*ul aoal is veil a fossil rema ns where pari amen s h^ e 
asseji bled and a ej te was con ended for tl e letreat of learned 
ch 1 chmen and a refuse n. the cave us of ts rock for peise 
c ited aa nts A I y s eiC rs on to s *i a plice eanjiot i% 1 to be 
a profitable as well as agreeable one, wheie the stndents of geo- 
logy, or of botany, or of history, will severally meet with objects 
suitable to their taste ; and, if lovers of the tragic, a short detour 
to the left will furnish a sigit of Magus Muir, of cruel memory 
and most iadefensible policy. 

The geological structure of Dura Den is more than ordinarily 
interesting, presenting, as it does within a limited distance, and in 
close juxtaposition, the two series of the oJd red sandstone and 
carboniferous systems, an included mass of overlying trap, a 
greenstone dyke, and a vein of galena. The whole length of 
the dell, with its windings, from the ruins of the castle resting on 
the conglomerate red, to the outgoing on the south into Ceres 
basin of the coal formation, does not exceed a mile and a half. 
The rocks overhang the road which passes through the valley, 
the sandstone in some places rising precipitously info bold mural 
cliffs of a hundred feet in height, and presenting colored and 
■well-defined sections of the different layera of which it is com- 
posed. These constitute the fish beds of the yellov 
group, lying toward tbe northern extremity of the den, i 
<62) 
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sist of beds of variegated marls, intermixed with friable arenaceous 
bands, and hard, compact, fine-graiaed building stone. 

The carboiiiferoua series are separated from those of tie yellow 
sandstone by the greenstone dyke referred to, which immediately, 
and inconveniently for sight of the jimction, interposes betwixt 
the two systems. The lower beds of the independent coal forma- 
tion are here thrown up to an angle of 26°, the yellow sandstone 
adjacent being nearly horizontal, and in no place exceeding an 
inciination of eight or ten degrees. The coal beds have been 
lifted up by and repose anticlinally upon the trap, where the 
cutting for the road has exposed the outcrop of the seams ; and 
thus, in a narrow space and lying on the surface, we may mark the 
outgoing and the incoming of a vast revolutionary epoch, organic 
and inorganic, in the earth's history. The strata, consisting of 
alternating bands of coal, shale, ironstone, and sandstone, assume 
toward the head of the valley a nearly horizontal position, abut- 
ting against a mass of trap which separates the lower from the 
upper workable beds of the bituminous mineral in the Ceres baain. 

Dura Den, in addition to the interest arising from lithologieal 
structure, presents an excellent example of a valley of erosion. 
The river which traverses it rises at limes into considerable 
volume, and sweeps with violence through the pass; connected 
.above, at one period, with a lake, and acting continuously on soft 
friable matter, the abrading powers of the instrument are suffi- 
ciently adequate to the production of the effect. The quahties of 
the rocks penetrated may be easily inferred from the windings of 
tlie stream — the harder substances occasioning a divergence from 
the straight course — ^the soft and marly scooped out into wider 
and more extended areas. A section of any one of them is 
thereby labeled for the fullest inspection, which are arranged, 
not perpendicularly one xipon another, but drawn out in longitu- 
dinal succession on the floor and sidewalls of the valley, and ex- 
hibiting to the geolo^t, after so many types and fonns of the 
old red sandstone, the first break and most northern limit of the 
coal metals in the great central basin of Scotland. 

The Yellow Sandstone, as it is termed from its prevailing 
color, though not uniformly so, belongs to the old red or devonian 
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eystem o£ rxks rf -uliich the comatont. md coiigl mcrati, beds 
are in tin, immeduteMcmity and tin, positnn and relation of the 
tirce to one nnoihti easily del^iminable The upper or yellow 
deposit occupic the T^Uey of Strathedtn neiily throughout its 
entire length and bieidth and ranges iJonj, the bise ot the 
heights of Nydie, Cults thi> Lomonda Binnarty, and the Clpish 
hills, dipping undei the cirhomferous lower ^toup and geneially 
separated by oveilying ma&ses of trap The andstom.^ indeed, 
of both systems reaemhlo each other so much in i.oloj aud tex 
turc, that m miny in^tauLes al ng the line now indicate i the trap 
roust be taken as a guide by ^ticli to ahtLrtam the qwdlitie and 
respectiTG positions of the two series Glenvale a beautiful 
ravine which intersectR the Lomond lange presents ftdmirable 
sections of fhe whole gioup m their regular oidei of superpo 
sition ind JiiiLly displaying their contrasting mineril charac 
tfirs. 

Oeoanio EfflMATNs. These are abundantly distributed in scales, 
teeth, spines, coprolites, and other remains, and are to be found 
in every opening and quarry throughout the range of the deposit. 
It is only in Dura Den, however, that any entire animal forms 
have as yet been obtMned, and these all confined to a portion of 
the rock not exceeding thirty yards by three in breadth, a nar- 
row trough excavated for tlie purpose of forming a wafer-shed to 
the mill, which stands in the center of the valley. The fossils 
derived from this single spot consist of four new genera, and seven 
or eight new species, that have been added to our catalogue of 
extinct animals. These remains were all in a state of beautiful 
preserration ; the scales and fins are brightly enameled, and 
contrasted with the matrix in which they are set, the colors are 
as vivid and glistening as when the animals were spoi-ting in their 
native element. The specimens, I believe, of the various collec- 
tions made in this rich depository by different parties were all 
submitted to the examination of M. Agassiz, who has figured 
several of them in his " Monograph" on the old red sandstone, 
but without completing, it is much to be regretted, his descrip- 
tions of tlie various fossils. We give the following abridgment of 
such descriptions as are contained in the work. 
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Tliere are two new species of Holoptychius represented, namely, 
Andersoni and Flmningii, and these are distinguished entirely by 
tlie form and tracery of their respective scales. The H. Ander- 
son! is described as a small spindle -Kliaped {fusiformi) fish, thick 
and sh t and na wmg p dly t w a d th ta 1 
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as they are broad, and resemhling ia general form the scales of 
the H. Murchisoni found in Clashhennie, What peculiarly dis- 
tingnishes them is the figure of the ornaments (le dessin des ome- 
mens) of the surface, which are parallel, horizontal, very marked 
and distant in the A. and never extending in the strise to the 
posterior edge. The scales, agaia, of H. Flemingii are on the 
sides of the fish deeper than they are broad, and on the belly 
they become rounder. Tlieir ornaments ai'e also very distinct in. 
the F., consisting of a system of Traving lines, which run horizon- 
tally toward the outer edge without any perceptible ramification, 
while the wrinkles of tlie scale rise from a series of little hills 
(colUitts) ranged parallel over the length of the inner edge, nndu- 
laling and very close. This specimen is represented as very imper- 
fect. The other is nearly entire, the plates of the head and seve- 
ral of the teeth are well preserved, every scale is in its place, and 
the fins are only wanting to restore the normal outiine of the fish. 
This fossil has been figured and eiToneously described in the 
autiior's " Geology of the County of Fife" under the name of 
gyrolepis (holoptychius now) giganteus, from which, says M. 
Agassiz, it differs specifically. 

From the fossils of this locality has been established the new 
genus of glyptopomus, the specimen of which being originally 
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mistaken by Agassia for a platygnatlius, but since found by him 
to differ from that genus in several inat«rial points. The scales 
of the platygnathus, for example, are round and imbricated, pos- 
sessing in. this respect all the charairteristics of the scales of the 
ctelacanthes, while on the other hand those of the glyptopomus 
resemble the scales of the sauroids, which are rhomboidal or 
square (ou cowries), closely set and never imbricated, as shown in 
the subjoined illustration. 




Olyptoj tn s Minn 

Moreover, the platygnathes are lengthy (allonffSs) in the body, 
likewise long (longue) in the tail, which is furnished with a very 
stroDg fin, whereas the body of the glyptopomes is very thick, 
and the tail short. The ornaments of the scales of G. bear a 
close affinity to those generally of the ciBla«anthes. Only one spe^ 
cies as yet has been found, the glytopomus minor, and figured in the 
tab. 26 of the "Monograph" under the name of platygnathua minor 

The glyptopomus minor, says M. Agassiz, found in Dura Di 
and of which there is but one specimen, is possessed of a body 
broad and thick, approaching in form to that of the holoptychius. 
The fish is lying on the belly, and turned slightly to the left, so 
that it is the back and right side which are represented in tiie 
plate. The head is proportionally small, covered with bones very 
irregularly caiTed, presenting a dense and diversified granular 
aspect. On the side of the head there is a large enameled plate, 
which shows that the cheek was covered, as in the polypterus. 
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witt one single osseous plate, on the under edge of whicli was 
fixed, the large masticatory muscle. The scales on the hody of the 
fish are large, high on the sides, and nearly square on the back, 
where In the middle they fonn an oblique series convei^ng to an 
a te anffle Tl e scale, are very th k set on tl e s de of each 

tl er ad apparenfly onaected only by neius of th skin to 
which they aie attached The ena neled su -face s not smooth, 
b t ather marked v th a fine gran Kt on ■wh ch mjarts a rich 

elvet ^loss to the scil Traces only of the hna aie preserred, 
p tly of the ntral partlj of the dorsal or caudal a d the raya 
of wl eh are all appar tly short and slen le Tl is specimen 
1 us a part of the a thor e oJleotion but nad e -t n Ij desciibed 
as belong g to f] at of P ©feasor James n 

Another genus, established from the fossils of Dura Den hy M. 
Agassiz, is the Pampliractus, of which there are two species, 
BydvfyphUus and Andersom. These are both in the collection of 
the author, and have a special history of their own, from which, 
■when read in all its details, it woiild appear they have suffered as 
roughly at the Lands of geologists in simply determining their 
class, order, or genus, as they eyer did from the physical revolu- 
tions amidst which their lot was originally cast. 

Before the type of a new and strange form called Pierichthys, 
had been determined by this learned palseontologist, collectors 
were evei-ywhero puzzled by the specimens of the animal that, 
from lime to time were casting up. The wioged appendages of 
the sides of the head, as movable fins, had easily given rise to a 
variety of opinions concerning their true affinities, and which, says 
M. Agassiz, " have been regarded by the most able naturalists 
successively as Tortoises, Fishes, Crustacea, and even Coleoptera." 
The fossils of Dura Den were at first regarded by him as belong- 
ing to the type as well as genus Pterichthys, and my speci- 
mens were actually returned from NeufchStcl so named — the 
"broad" and "narrow" species — and tlie label still remains 
attached. Meanwhile, five or six species of the genus Pterichthys 
had been already determined and described by him, from the fos- 
sils of Cromarty and Morayshire — these in the collection chiefly 
of Mr. Hugh Miller ; and Mr. Miller being, about the same period, 
engaged in the preparation of his work, " The Old Ked Sand- 
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stone," speedily under the new nomenclature, as he was so op- 
portunely fumislied with the mateiials, gave the puhlie the henefit 
of M. Agassiz's discoi'eiy and version of their ti-ue and authentic 
history. What we had hastily, certainly, hut still influenced much 
in the matter by the judgment of others, referred to the order of 
Coleoptera, he was enabled at once, upon the inspection of a Dura 
Den specimen, and from its very striking resemhlanoe to hia own, 
to pronounce to be a Pterichthys. A few pages before he bad 
stated that he could make notliiug of the creature, although some 
specimens of the fossil had been in his possession for a period of 
nearly ten years; but fl0W,'be was able to record,— "I very lately 
enjoyed the pleasure of examining the bona fide ichthyoliffi itself, — 
one of the specimens of Dura Den, and apparently one of the 
more entire, in the collection of Professor Fleming. Its character 
as a Pterichthys I found very obvious." But short-lived, indeed, 
are all mundane enjoyments. The most intellectual, in the revolu- 
tions of science, are not exempt from their general character of 
vanity. While the two northern sages were thus gazing, in all 
the raptures of a new discovery, "upon the iona fide ichthyolite 
itself," the philosopher, under the shelter of the Jura, was doubt- 
ing, re-examining, and finally oon'ecting, his own first judgment; 
and, while the virgin pages of "The Old Eed Sandstone" had 
scarcely time to reach their author the "Monograph" was an- 
nouncing to the w lllh d t Tni t f g nus, and that the 
fossil of Dura D w^s P mph t d Pterichtliys at all. 
" I had at fir t y i as t d with pterichthys the 
only species kn wn t th t g by U n^, t pterichthyg hydro- 
philus, but am p f und tudy d tt t e comparison of 
tliat species with th g u ost h p ed that it oiight 
to form a disti t g ten d t b tw t pterichthys and 
coccosteus, whi hll md^ p! ! ts consequence of 
the divided form f tli p Tl pe to 1 fins of pamphrac- 
tos resemble v y m 1 th f tl pt 1 thjs in their form, 
being slender, 1 ted and k d ( b6 ) But the plates 
of the carapace II d ff tly ^ d The centi-al plate is 
very large {^norme) ; it covers two-thirds of the whole carapace, 
and unites the anterior articulation of the head with the carapace. 
The lateral plates, which acquire so great a development in the 
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plericlithys, are liere reduced to narrow stripes, stretching to the 
edge of the carapace ; while, on. the other hand; the posterior 
plates are of very great size, and form with a small intercalated 
plate the estvemity of the carapace. The disposition of the plates 
of the head is likew ■le very difierent from that of the ptenchthj a 
m which we discern no thjiaiMc cmotuic aa in that genus but a 
ttdns^erse Ime which separates m a striking minuet the plates of 
tht, head from tho&e of the caiapace We see not any portion of 
tie tail but I presume that it would bear a lesemblanie to the 
t rm of that of pteiiehthyb Agas&iz thus concludes his desorip 
tiun of pamphractu^ which wc have partly ibndged — The ei 

e sive development of the centiil plate of the canp'u.e which 
leaches the articulation of the heid — the abf^ence of a thoracic 
pineture maloiig the round ot the b dj — and the distmct sepira 
t n ot the occipital it ticidation ^^ ill always distingni'ih this genus 
fiom thit ot ptcrichfhjs 

Agajn however the ashes of tie dead ha^c been di'iturbed 
the history has been iccast and tl e oil genealogy attempted to 
b( restoied Sir P G Egerton mapajei lead hefoie the Geo 
kgical Soeietj of London on fie 19th Apiil 1848 and a copy 
of whi h he did mo the himi to trinsmit has examined very 
minutely every organ and poition of the aram'il as delmeited la 
tic Hon graph and is satisted that it is indeed still to be 
jegarded as a genuine pterichthys Howevei Sir Philip very 
cautiously adds — Hiving never seen a specimen (ipauphract^s 
I should not be justified in expressing any positive opm on respect 
ing this genus, but I cannot help thinking that it is founded on a 
specimen, showing the true dorsa.1 arrangement of the lorication 
of the Pterichthys." Accordingly Mr MiUer who supplies a 
considerable portion of the paper m quest n affirms with abun 
dant confidence, that he has been able to penetiate the mystery of 
the error. "I have succeeded, he says m tracing to its ongm 
the Pamphraclus of Agassiz. The ipecimens which he figures 
could never have furnished tho materials of his restoiation — 

These maferiaLs he evidently derived from the print of a Pterich- 
thys of the upper Old Bed (showing the dorsal superficies of the 
creature), given by the Rev. Dr. Anderson of Newburgh, in. his 
Essay on the Geology of Fifeshire ('Quarterly Journal of Agricul- 
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tare,' Vol. XI, 1840), as that of a fossil beetle," Now, with all 
submission, this hypotliesis is wide of the fact. While Mr. Miller 
was inspecting, at Aberdeen, "the bona fide ichthyoHte itself," 
and which, as we shall immediately see, was not a Pteriehthye, 
Agassia had both the piiiit and the real specimens lying before 
him. The impressions on the slab are eleven in number, three 
of the "broad" and eight of the "narrow" species; and, compar- 
ing the one with the other, the print with the fossil, he records, 
"They have been figured vekt pairlt by Mr. Anderson, in his 
interesting Memoir on the Greology of Fifeshire." "But," adds 
Mr. Miller, "I have ascertained, by the examination of the greater 
number of specimens of this species yet found, in the general out- 
line of the carapace, which was longer in proportion to its breadth 
than in the print, and not defined by such regular curves." * * * 
The print is a perfect transcript of the fossil, as if taken in a 
mold, — curves, projections, and tiriaereles all duly and "fairly" 
preserved, as in the original ; and, with all the materials, and so 
many actual impressions before him, Agassiz hesitated not to 
change his views, and to feel assured that it was really a Pam- 
phractns, not a Pterichthys, that he was examining. Farther, we 
hare only to add, that in the Essay in the Quarterly Journal of 
Agriculture, it is not true that the print of a Pterichtiiys is there 
" given as that of a fossil beetle ; the higher patronymic had, ere 
the publication of the prize essay, been withdrawn ; and the 
author, along with alt others, states, he was waiting the judg- 
ment of the highest and most competent authority from the blue 
lake of Heufchatel. 

And thither also, it would now appear, that other inquiries had 
been transmitted respecting the organisms of Dura Den, to be 
famed by modem, as it had already been by ancient, genealogi- 
cal claims. We suspect, at least, it is of "the bona fide ich- 
thyolite itself" that M Aga-ssiz in the "Monograph," speaks in 
the following extrict — Dr Flemmg m'a communique le dessin 
d une p^tnfaction recueillie par Im a Dura Den, q\ii resemble 
beaucoup ijuant i la forme du Pamjliractus hydrophilus. La 
tete est couite aiiondie lai^e picsque en fonae de croissant, le 
corps est allonge formant avec la tete un ovale qui se termine en 
pomto en arriere. Les pcctorales sont grSles, courb6es et atissi 
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longues que !c corps. L'ai'ticulatioh de la t@te avec le corps est 
trea-nettement marqwfie, d'uae maniere qu'a la forme de la cara- 
pace pres, qui est beaucoup plus pointne, on croirait voir un Pam- 
pliractus. Mais ce qui distingue surtout ce fossile (a en juger du 
moins d'apr^s le dessin qui a'est, a vrai dire, qu'une esquiase) 
c'est qu'il n'y a pas de plaques separ^es, et que toute la surface de 
sa carapace ne montre qu'une granulation uniforme et continue, 
si toutefois la dflinSation des plaques n'a pas et6 omise par le dea- 
sinateur. Nous auvions done dans ce fossile un genre nouveau 
de cephalaapide, oaract6ris6 par la forme de aa tSte et par sa cara- 
pace uniforme. Quoi qu'il en soit, j'atteiids de plus amples in- 
formations sur 06 sujet, avaut de priciser davaniage lea carao- 
t^ves de ce type, et je me borne S reproduire les contours de ce 
deasin, Tab. 31, fig. 6, afin de fixer d'une mani^re plus parljcn- 
liere I'attenlion sur ce fossile." 

Now, making every allowance for the imperfection of the sketcb 
of Dr. Fleming, (qu'une esquisse), and which had not the aggra- 
vation of being a "print," only see how many marvels have beea 
successively evolved out of "the bona fide ichthyoUte itself:" — 
it is not a Painphractus, though very much resembling it in 
form — it is not a Pterichthys, of which alliance there is not a hint 
even dropped by Agaasiz, though its character as a Pterichthys Mr. 
Miller " found very obi lous ," but " we have in that fossil a new 
Itind (genre) of cephalaspis, characterized by the form of its head, 
and by its uniform oaiapace," all which characters have been 
overlooked in ' the pleasuie of examining the bona fide ichtbyoliffl 
itself — one of the specimens of Dura Den, and apparently one of 
the more entire " Has this creature undergone a still further 
metamorphosis, numerous as tht«e of the Pterichthys itself? Or 
what specimen is it which now rejoices in the appellation of 
Homothorax Flemingii, also again challenged or suspected at least 
by Sir P. Egerton, not to be its true designation ! But, quomnqne 
nomine ffaudeat, the cabinet of science is enriched by the addition 
of a new and remarkable fossil fish. 

Eepeatedly, since the notice in Mr. Miller's work of the Dura 
Den fossD, and his fanciful commentary on the truth and accuracy 
of the plate in the " Geology of Fifeshire," have I examined, com- 
pared, and recompared the design and the original, and never 
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have I been able to detect the slightest disagreemeiit, even in the 
minutest feature. Others, and parties innumerahle have ex- 
amined them freely in ray presence, have pronounced as to the 
fmrDCss of the representation. There are five figures in all npon 
the plate of the Dura Den fossils ; tliey Trere all, fossils and figures, 
under the ocular inspection of M. Agassiz ; one of these, Salop- 
iychma Anderaoni, he has figured in the " Monograph ;" the rep- 
resentations are identical, and all are declared to be "figured very 
fairly." True, the pamphractus had not been able to preserve 
the tiul, nor any trace even of that member, Agassia did not 
think himself justified in supplying the deficiency. I added none 
either, "carefully sinking" the nonentity. Eut Mr. Miller tad a 
point to establish : the fossil must be one and the same with the 
bona fide iehthyolite itself, -which appears to have retained the 
caudal appendage. It ivill not certainly account for the oblitera- 
tion of this organ in all the specimens of Dura Den, that, in com- 
mon with Pterickthys and Ooccosteus, the Pampkraciua was not 
possessed of tiie Iieierocercal structuie, so characteristic of the fishes 
of the period. But yet it is not there. Then, "the tubercles 
seen in profile," are exaggerated Agassiz thought fit, upon ex- 
amination, to retain the exaggerition, as Nature, he perceived, 
had designed. And noiv, Mr Miller finds it proper to communi- 
cate to Sir P. Egerton, that aftei examming the specimens (pre- 
sented by me) m the Museum of the Highland and Agricultural 
Society in Edinburgh, "one of the most STaiKiBG specific distinc- 
tions of the creature consists in the length and bulk of the arms, 
and the comparatively great prominence of those angular projec- 
tions by which they are studded on the edges — projections which 
seem to be but exaggerations of those confluent lines of tubercles 
by which the arms of all the other species are fringed." So, Na- 
ture has her "exaggerations," likewise ! and the first of the genus 
which ever rose to the stroke of tlie hammer, has in no degree 
been misrepresented in its fair proportions, except that the angu- 
lar projections refeiTed to are not so prominently developed as in 
other specimens in the auflior's collection. 

It will readily be inferred from all this that the locality of Dura 
Den is entitied to much consideration in consequence of the vari- 
ety of its interesting remwns, not to speak of the divei-siiy of 
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views whicli the remains themselves have occasioned in so many 
quarters. The Pterichthys, Pamphraetus, Homothorajt, and 
Oephalaspis are all of the family Zepidoides, and have such a 
close affinity in outward form as readily, in mutilated specimens 
at least, to be mistaJcen for each other. The appendages of the 
head, having the appearance of wings, suggested the term pl&t-ich- 
thys, the winged fish: the plates covering the body, accordjag to 
their number and form, g to th h t t ns; and 

the species of each hav bq tlh dtmidby minor 
differeuces. The exten 1 g 11 w mid ■md dis- 

cover, like the fish of th p d tl t b il ted f e. The 
Pterichthys of the mor th m t y f m near- 

ly a foot to an inch in 1 ^^th d lly th wi f these, so 

tar as they have been figuied m works, are extended horizontally 
ind perpendicularly to the body The Pamphraetus of Dura 
Dm aie all nearly of a iize — about two inches and a half in 
Is^nE^h, — the wmga m eveiy m&tance depressed and inclined to 
thL ftidei and m no instance of the twenty to thirty specimens 
£\humed fiom the lock, has the tail been appended, or a frag- 
lOPvA of the caudal organ detected The cephaJaspis has only 
bten found ui the lowei beds of the '-ystem, and highly impor- 
imt would be its discoveiy m the upper, where, however, we 
have reason to think the new genus Hemothorax has been sub- 
stituted in its place. Mrs. Dalgliesh of Dura, in whose collection 
we found a Glyptopomus, and a slab containing several impres- 
sions of the Pamphraetus, has kindly, and with a commendable 
love of science, informed us that her quajries are freely open for 
the researches and explorations of geologists, and that every fa- 
cility will be afforded them in their interesting task. 

In addition to the fossils already refen-ed to, I find in the spe- 
cimens of my eolleclion returned from Neufch&tel, that two are la- 
beled as Diplopterus, new species; two as Glypticus, new species; 
and one as Holoptychius, new species. This last is now figured 
in the "Monograph" as the Platygnathus Jamesoni, None of 
these are described in the narrative of the work, so that until his 
return from America, where palieontology will unquealaonably 
reap much from his indomitable peraeverence, his almost instinct- 
ive skill, and vast learning, we cannot expect that M. Agassiz wOl 
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have leisure either to suppiement the deficiencies of his great 
■work, or confirm his formei com luiaiona agtun&t the alterations 
suggested in Jiis absence — suggested leitiinly m no 'nnill dpgree 
upon fanciful organization and miatnten ai&umption 




In cl fe Q o r £ tv of tl old r 1 ai dst ne we shall bntfly 
state the pimfiples of classification of fossil fishes as detemuned 
by M. Agassia from whith it will be spen by the eaihest types of 
the miiine \ertebrata ivhile admirably suited to the pertuibed 
condition ot the element in whiih the ptrata were fcimed diffei 
■widely in their ".tructure tiom all existing races 

The tshes of the present er\ it ir well linown are divided into 
two great classes, the cartilaginous and the osseous. lu the 
former are comprehended the sharks, rays, and sturgeons of our 
present seas; the latter embrace the salmon, cod, herruig, and the 
various kinds possessed of similar forms. The bony structure in 
all the cartilaginous class is soft, deslJtute of fibers, and contains 
scarcely a trace of earthy or calcareous matter. The osseous 
fishes, on the other hand, are constructed interaally of true bone, 
composed of calcareous matter, like that of birds and quadrupeds, 
which is possessed of a fibrous arrangement, of great hardness 
and capable of long endurance. Now, it would appear that the 
fishes of the old red sandstone belong almost exclusively to the 
cartilaginous class. The internal frame was composed chiefly of 
this soft, soluble substance; hence it is that no portion of the 



.,Co(>t^le 



75 

inner body of tlie fish, in any of the fossil specimens, remains. — 
The teeth and scales, with fragments of the bones of the head, 
are all that have survived, but so hard and enduring has been the 
scaly outer coating, that the figure and contour of the animal 
have been preserved entire. The specimen of Holoptychius An- 
dersoni, from Dura Den, is sfiU enveloped in its original covering, 
uot a scale in the whole body displaced or missiug, the head and 
belly slightly compressed, while the posterior ridge of the back 
and tail is sharp and angular. 

Here, then, in this class of animal life, we find that what is de- 
fective in the internal structure — if it be a defect — is completely 
supplied in the outer appendages, whereby tlie ftahes which have 
the softest bodies are possessed of hard, homy skins, coated with 
enamel. Their bones are thus all on the surface, sometimes in 
the form of scales ; sometimes assuming the shape of spines and 
tubercles ; now in small, now in large plates ; and often disposed 
in the most singular and grotesque arrangements, as in the genus 
coecosteus, or the osteolepis, whose entire skuU consisted of shin- 
ing naked bone, and in the cheiracanthus, a creature possessed of 
fins scaled and enameled all over. 

The Swiss naturalist, accordingly, in adopting a new principle 
of classification, so essential in the case of the foasOs of the old 
red sandstone, has made the scales and external organs the 
groundwork of his system. The classification of Cuvier and the 
older naturalists proceeds mainly upon the character and disposi- 
tion of the flns. Hence tlie order of the Aeanthopterygii, or 
thorny-finned; and the Malacopterygii, or the soft finned order. — 
The classification of M. Agassiz, proceeding upon the characters 
of the scales and plates, has given rise to the following orders, 
namely, the Placoid, or broad-plated scale; the Ganoid, or the 
shinmg-scale ; the Ctenoid, or comb-shaped scale; and the Cy- 
cloid, or marginated scale. Upon the simple basis of these four 
orders, he has constructed his system and composed his " Pois- 
sons Fossiles," the standard authority in fossil ichthyology, and 
elaborate monument of h^ learning and genius. 

The relations, as well as distinguishing peculiarities, of the 
fishes of the old red, are thus described by Agassiz :— " Of the 
Placoidian order," he says, "the genera ctenaeanthus, onchus, 
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ctenoptychius, and [tichac nthua are provided with spmoiw, lays 
to the dorsal fins iLsemblmg the gigantic ichthyodomhtes of the 
carboniferous and jurasiio format ons but difierinE; m tteir less 
considerable size they are distinguished iimong them'^ehei by 
the forma and ornaments of their rays In the ordei ot ganoid 
fishes, the genera aeanthodes dipUcinfhus cheii acanthus and 
cheirolepis present themselves at first sight a a 'leparate group 
for although covered, like the others, with enameled scales, these 
are so amall, that they impart to the skin the appearance of sha- 
green. The manner in which the fins are sustmned by spinous 
rays, or the absence of these rays, and the posifion of the fins 
themselves, have served as characters in the establishing of these 
genera. The genera pteriohthys, ooooosfeus, and cephaJaspis, 
form a second group exceedingly curious : the considerable devel- 
opment of the head, its size, large plates which cover it, and 
which likewise extend over the greater portion of the trunk, and 
the movable appendages in the form of a wing, placed on the 
side of the head, give to them the most remarkable appearance. 
It is these peculiarities, indeed, which caused tlie class to which 
these genera belong for a long time to be misunderstood. The 
large bony and granulated plates of coccosteus, led to fteir being 
considered as belonging to trionyx : and it will be sufficient excuse 
for this error to call to recollection, that the greatest anatomist of 
our age had sanctioned this approximation. The form of the disc 
of the head of the cephalaspides, which has the appearance of a 
large crescent, and their more numerous, hut very elevated scales, 
resembUng the transverse articulations of the body, expWn how 
it was possible fo see in these fislies the trilobites of a particular 
genua. Lastly, the winged appendages of the sides of the head 
of pterichthys, as movable as fins, have easily given rise to tlie 
variety of opinions concerning the true affinity of these singular 
creatures, and has caused them to be taken at one time for gigan- 
tdc coleoptera, at another for Crustacea, or small marine tortoises ; 
so little do the types of the classes appear fixed in certain respects 
at these remote times. Another singularity of these genera is the 
association to the bony plates of the head of a vertebral appen- 
dage, which is far from having acquired the same solidity ; but 
appears, on the contrary, to have remained flbro-cartilaginous 
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during the whole life of tlie aaimil — leaembling in this lespeet 
tlie skeleton of tlie sturgeon 

" It would be difficult to find among recent tshe's, types 
presenting- any direct analo^'y witli tliegenera pterif'lithy'^, coocos 
tens, and cephalaspis ; it is only from afar that they can be com- 
pared to some abnormal genera of our epoch. * * * The 
analogy which tliey offer, on the one hand, in form with the dorsal 
CO d of the embrj o ot fishes togethei with the infeiior position of 
their mouth which sa equally met With m the embryjs and un 
the othei hind the distant resemblance of these fishes to certain 
fjpes of reptiles present the most curious assemblige of chaiac 
I rs that can pos&ibly be conceived A third group of fishes 
bolongmg to this formation compnsei those ^eneia, who c vertical 
fins aie double on the back and undei the tail and which approach 
^ r\ neai to the caudal These are the gener* diptcms ost^ole 
p dipkpterus and ghptolepii which diftei tiom one another by 
the foim of then scalei -iiid then dentition And lastly it seems 
m es=iT,ty to legatd as a fourth gioup of th i order the genera 
wlieh are chiiacferized by larEje conical teeth situatcl on the 
miigiii ot the jaivs between which are altemitcly smaller and 
udeed very small ones in the fotm of a brush Such aie the 
g neia, holoptychms and plafygnathus and the genus recently 
established by Mr Owen under the name of dendrodus and le 
spccting which this learned anatomist has given some exceedingly 
mferesting micro eopical details 

The philosopher here, in tliese views as to the primitive diver- 
sity of the ichtiiyoid types in the old red sandstone, adduces such 
illustrations and others not quoted, as subversive of the theory of 
the successive transformation of species, and of the descent of or- 
ganized beings now living, from a small number of primitive 
foi-ms. He asserts the doctrine that the characteristic fossils of 
each well-marked geological epoch ai-e the representatives of so 
many distinct creations, and affirms that he has demonstrated by 
a vast number of species that the presumed identifications are ex- 
aggerated approximations of species, resembling one another, but 
nevertheless specifically distinct. M. Agassiz introduces the same 
doctrine in his latest great work, the " Iconographie," wherein he 
goes the length of saying, that, even when species are, so far as 
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the eye can judge, idenfieal, they may not be so — tliat there may 
exist species so nearly allied, as to render it impossible to distin- 
giiisji them — and reiterates that each geological epoch is charac- 
terized by a distinct system of created beings (the results of a new 
intervention of oreatipe pover), including not only different species 
from those of the preceding system, but also new types. Under 
his safe guidance we have glanced at JJie earliest groups and forms 
of life upon tlve globe, and have seen the simple structures of the 
beginning succeeded by higher, if not more perfect or more com- 
plex, at least by creatures capable of a wider range of action and 
enjoyment. The deductions and sweeping inferences of geolo- 
gists may be often vague and uncertain ; hut a science, whose 
direct aim is to decipher the records of tlie past and compare the 
■^u ' C typ f an'mal I'f up n tl e t! d 1 'th 'mpor- 
tant obj t& and 1 ad to 1 t y t ne f th 1 1 k p ng con- 
t n lly b f tji w tl F nta H ad f all i t, ; and 
add an p of t th u! 1 d t n tl t M n viio is 
p I d n th u h n d wdl h n If out- 

1 a te m ot ex ten m u bl by a 1 w p mt ot space and 
a 1 t f te mtj 
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CHAPTER 71. 

TRAP ROCI^. 



We do not select the rocks which form the title of this chapter 
from mere arbitrary choice, or because they are geographically 
connected witli the district mider review, but because tliey are im- 
mediately the next in the chronolo'rical order of our course The 
Sdlw dOJll thpt p lydtmd 

Iti tot ast p f Iffiltfteastmybiofi 
th <i I tswtliiiith 1 t 1 th g Uy 

Ikf d byhlto rtom m th far m t 

/ tl 1 t t d tl g aos m d 

th P t rl th f f th 1 b Tl p fe 

h ar f m 1 t 1 t d rr t bly 1 

11 im te d m t th o^ f -th tl I g and th 

dertd, are both admissible wit tl q t , I th tea 

timony ia alike unexceptionable. The silurian seas had been dis- 
turbed upon tlie upheaval of tlieir beds ; these with their organic 
contents were elevated by the irruption of plutonic matter, and in 
then- altered position ga a bold n ii nd add al bulk t 
tbe primitive land. K w a umulati n w f mmg d ring the 
devonian period in the w t 1 11 nu ht ly ag tat i al th hnes 
of disturbance ; new f 1 nam Id ui up d 

their depths, and hug t an h d m tl ky 

shallows. The iaterio n a n 1 1 1 il g int f 

and these chains of h 11 h t! u f d pt n a d 

heaving iuto day the u d p t f th old d ad ton 

Hence the formation of 1 t f k p 1 ! in th d 

of time, the elevation of the other : not an islet appeared over all 
these parts while the sedimentary strata were accumulating be- 
nealJi : plants and trees covered the flanks of the Grampians, alg« 
(79) 
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and fuel abounded in (lie watei-s, and myriads of fishes (.■ported 
amid their luxuriance ; but as yet there was no basin of the Tay, 
no fertile Carse of Gowrie, no kingdom of Fife stored to repletion 
mfli its precious metals of iron, lime, and coal. The Sidlaws and 
Ochils, therefore, become invested with even a romantic interest, 
ivhen we thus view tliem in their geological relations—their age 
precisely defined — and themselves, flinty and weather-stained, the 
memorials of tlie vast convulsions and changes of nature. They 
mark the outgoing of & period comparatively barren of vegetable 
life, and the incoming of the exuberant products of the carboni- 
fevous epoch. 



I. The btbuctitrb of tlie Sidlavr and Ochil ranges, from the 
amorphous character of the rocks, furnishes little or no room for 
geological description. These nearly parallel chains of hills, sepa- 
rated only by an interval of from two to five miles, and forming 
the lower water-shed of the basin of the Tay, consist of the vari- 
ous members of the trap family usually denominated whinstone, 
and whose structure is very different, upon a glance, from that of 
the sandstones and other sedimentary deposits we have been con- 
sidering. This cIms of rooks have all a tendency, in mmeralogi- 
cal phraseology, to a spatliose structure, and discover at least the 
rudiments of crystallization; there is no lamination iu their inter- 
nal texture, and the lines of atratificaldon which they sometimes 
esiiib.', are assumed, or impressed by the previously consolidated 
strata a^'aong which they have been injected. They are not lavas, 
which art' sub-aerial products, nor are they aqueous formations, 
whose matfciiaJs have been deposited in water. These rocks are 
the results of igneous fusion deep under the crust of tlie eartli, 
poured over the bottom of the sea, and protroded into the diversi- 
fied dome-shaped forms which they generally present. 

Trap-rock consitts of several varieties, as porphyry, clinkstone, 
compact feldspar, amygdaloid, greenstone, and basalt. These all 
pass into each other hy insensible gradations, often forming one 
continuous mass, for tiie most part composed of tlie same ingre- 
dients, and have in consequence been regarded by geol^^ists as 
belonging to one group, prodiiced under similar circumstances, and 
elevated at intervals about the same period. The porphyritie 
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structure prevails generally in both chiuns, and "porphyry has 
the peculiarity of being rarely found in any but the pnmary 
strata: it seems to be the whiasfone of the Old World, or at least 
that which is of highest antiquity in the present." * But not' only 
ai'e both ranges characterized by the same qualities and texture 
of rocks in haad-speoimens, one hill answering to another ; they 
also preserTe the same general features of outline, and the same 
relations to the disrupted sandstones among which they have been 
injected. The highest point, for instance, in the eastern division 
of the Ocliils, ia Uorman's Law, attwning an elevation of nearly 
one thousand feet above the level of the sea : in its uprise the mass 
has brought along with it the lower beds of the gray sandstone, 
ivhich flank its northern and eastern sides, within tlivee hundred 
feet of the summit. To the north and west of Dundee the highest 
points of tlie Sidlaws are encompassed in like manner witli their 
analogous beds of tiie gray rock. And so in every locality, whether 
along their base lines, or among the numerous ravines and valleys 
that intersect their cultivated slopes, the strata may be seen crop- 
ping out, bearing testimony to the convulsive movements to wtich 
they have been exposed, and the altered positions they have in 
consequence assumed. 

A remarkable bed of conglomerate or tufaceous trap intersects 
the chains at different, but generally corresponding, points of ele- 
vation, varying from two to four hundred feet above the sea-level. 
On the Ochil side this bed crosses tlie chain of hiils from Letham 
school-house to Lindores Loch, where, along the Une of the Edin- 
burgh and Northern Railway, the out-crop may be observed at 
various places— very interestingly on the westei's slope of Clatch- 
artr— and ag^n appearing at intervals toward Abemethy, whence 
it is traceable through the glen. In the ravines of the Sidlaws, 
behind Rossie Priory, in the den of Pitroddy, on the face of Kin- 
noul and Moncrieffe Hills, and aeross the ridge intersected by the 
Perth tunnel, indications of the same tufaceous bed can be traeed, 
consisting, for the most part, of quartz rock, schist, and rounded 
masses of the different varieties of the trap, mixed not unfrequently 
with bowlders and smaller pieces of the gi'ay and red sandstones. 

* Flayfair. 
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This formation lias, doubtless, been produced on tte bottom of a 
troubled sea, wbere tbe crust has beea exposed to violent action — 
much of it comminuted and broken into fragments, rolled and 
fashioned into nodules, large portions of it torn up, but retaining 
their continuity for a space — when the molten flood has poured 
from below, and diffusing itself thi-ough the mass, the whole, after 
successive empiioiis, has been lifted to its present elevation. 

II. The amygdaloidal portion of these hills forms an interesting 
feature, and prevails very widely in both chains. This rock has a 
conglomerated stratified appearance in some places; hut gener- 
ally the matrix is very compact, rather porphyritic, of a dark 
brown oi- gi-cenish hue, and when exposed to weathering, the in- 
numerable small cavities or vesicular tissue by whicli it is lami- 
nated are prominentiy exposed. These cavities are filled with 
zeolites, carbonat* of lime, chalcedony, prehnite, and various other 
crystalhne silicious deposits. The green hue is derived from the 
decomposition, on the exposed surfaces, of the imbedded sub- 
stances. This rock forms the true habitat of the richest and most 
beautiful specimens of the agate and jasper family, of the purest 
Scottish pebble, ajid of largo sparkling geodes of amethystine 
crystals. The agates of Kinnoul and Moncrieffe are prized by la- 
pidaries, as they are admired by amateurs, and no mineralogist 
should fail to visit the romantic pass of Glen Farg — illustrated by 
the classic pens of Gait, Lauder, and Scott-^adomed and stored, 
in every niche of its serpentine course, with calc-spara, analcime, 
ehahasie, stUbite, heulandite, tonilite, and the entire family of 
the zeolites, presenting often fasciculi of crystals several inches in 
length, thin as silken threads, and rivaling frost-work in the tran- 
spai-ency and brilliancy of their texture. The mass of rock con- 
stituting Beia Hill, and intersected by tlie turnpike for miles, 
appears as a simple agglutination of nodules of the siae and color 
of garden peas, and consisting principally of analcune, zeohte, and 
ehalcedonic pebbles. 

What account is given of these curious formations — of their 
color, structure, and qualities — all so different from those of the 
surrounding matrix ? Assuming the igneous origin of the trap 
family of rocks, and against which there can scarcely exist the 
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possibility of an argument, it is supposed that, ■when ia tlie act 
of uooling, cavities would necessarily be produced in the heated 
moltea mass by the expansive power of gases, and that upon tbeir 
escape silicioua and other deposits would be formed ia the empty 
spaces. All the ingredients of the included crystals, of every 
genus, are plentifully diffused through nature, mixed up with tlie 
matter of every kind of rock ; air and water are nowhere wanting, 
and substances sufRciently porous, mis lami- 

nation or separation of coating, lay p di. ble in 

every ag'iite; wMle the still par II xi g h m some 

nodules, and the coneentrio naturo b d natter 

which lines their surface, clearly d m tr te h d of tho 

outer prior to tiiat of the inner la d p e very 

time when the crystallization Iiad conimenced, the cavities had 
assumed the form and shape which they now retain. Sometimes, 
too, the nodules have a compressed or flattened appearance ; and 
tlie explanation in such cases is, tha,t the cavities, if formed during 
the cooling of the beds, must have been altered in tlieir shape by 
pressure either before the deposition of the sUicious matter, or 
during the successive formaiaon of the layers. Other, and indeed 
many, theories are broached, among which the most plausible is, 
that the cavities in which the agates are now found were caused 
by the " molecular ^gregation of the silieious particles compell- 
ing the surrounding matter to yield in proportion to tlie attractioa 
of these homogeneous particles." The former explanation, how- 
ever, is the most generally adopted, the most obvious in ifs con- 
ditions, and the most accordant with the existing processes of 
nature, the laws of heat, and the order of crystallization.. The 
porosity and fibrous structure of agates, consisting of ft congeries 
of minute radiating fibers at right angles to the rings or concen- 
tric layers, have also been established from microscopical exami- 
nation, and hence the diversity of their colors, whether from 
vegetable matter or metallic oxides everywhere so abundant in 
the soils and crust of the globe. 

The same law or mode of formation appUea to ciystallized 
minerals generally, and has continued to operate from primitive 
times to our own in their pi-oduclion. The sparkling topazes of 
Cairngorm and gigantic crystals of the Alps — the semi-opal of 
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Iceland aod the lieliotrope of Kinnoul — the dazzling emeralds of 
Braail and Ethiopia — ihe stupendoxis garnets of Fahlun — tlie de- 
licately-colored flwors and calc-spars of Derbyshia-e and Cumber- 
land — the gorgeous rubies and sappliires of India and Ceylon — 
— the beautiful prismatic idoerase of Vesuvius and Etna — tbe 
splendid amethystine geodes of Obersieia, Siberia, and Spdn, 
little grottoes lined witb poliebed geometrical figures, all declare 
a common birth as they all nestle in rocks of a common origin. 
The diamond, ike richest as it is tlie rarest of all, belongs to a 
totally different class of crystallized bodies, and owes its foi-ma- 
tion to the agency of entirely difteient cau&cs 

III. The dykes or VEiva foim nnother sinking feature among 
the geological phenomena ot these bdln and seem as if natuie 
intended them for lacings oi bands to giie gieafer cohesion and 
stability to its parts. Thej eonsisl of long narrow stiipa ot look 
which have made their way tlirough the previou^ily eonsohdated 
strata, intersecting the planes of their several beds it rn,aily right 
angles, and constJtutiag among themselves a system of parallel 
and vertical partitions in the rock. Once observed in any district, 
these dykes are of too marked a character not to excite inquiries 
as to their uses and mode of formation ; and occunmg, as they do, 
in every region and among all classes, from tbe oldest pnmary to 
the newest tertiary deposits, they are obviously designed for 
some great purpose in the plan of Creation. 

Veins may be described as tabular masses that penetrate the 
earth's crust to an unloiowu deptb, and almost invariably consist 
of different materials from the rocks they traverse. They are sup- 
posed to have all been in a state of fusion, and either themselves 
to have piodwccd rents and issures in their pressure npward, or 
to have filled with then molten ingredients such as from other 
causes were alieady existing When detected in sandstone or 
other stiatified formations they are readily distinguished, and 
acknowledged to be of fojeign origin as well as of posterior date. 
The matter of tiiem consists generally, among the secondary for- 
mations, of basalt or greenstone ; more frequently of porphyry and 
feldspar among the older and crystalline rocks. In tJieir passage 
thi-ough wbinstone the sides of the veins are usually smoothed and 
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polished its if by the actioa of another body rubbhig against tbem ; 
Ibt Bandstoaea and otbei sedimpntaiy rocts aie mdurifed nr dis- 
jluiation mij be tricrd for a Lonaidiriblo "jpite inward from 
the walk of tbe vem There b no mixing up of the materials of 
the dyle nor iny appro^cll to incorpoiation witli those of the 
influding miSB Aftei exposuie on the surface to atmospheric 
influence<i the basalt ot greenstone splits up into large tabular 
blo(,k8 ■« hich become extremely fruble and scale off m thin layers, 
le^^lng a central ball which exfohites in like minnei and gra- 
duillj molderb into dust These dykes aie ^erj numerous in 
till (jiampi-ms occurring ererywlieie and divei^ing in every di- 
lettun thlOUgh the primary rocks They traicrse tie lower 
diitiict on the south of the lange five oi aix (lossin^ the Tay, 
and running nearly parallel m a north wet-tcily coulee They 
ii^c abjve the sand&tone in vaiious places of Htratbeam forming 
mural ndges, fuiicwed into bioad jcmted masseo, oi piled loosely 
above each otber. The outgoing of some of these remarkable con- 
cretions can be traced into the German ocean. From St. Andrews 
westward, their line of bearing may be detected, both among the 
trap-hills and the sandstones which flank them, and like well-iim 
stags, after debouching Irom the Ochills and Sidlaws, converging 
upon the forest of Glenaitaey. DouhUng, winding, and dragging 
out and in among the passes from Crieff to Comrie, two of them may 
be descried on the steep face of Aberuchill, fairly scaling its lofty 
Bummits ; and driving onward, may others be observed on the 
south of the Buchle, to the far heights of TJam-Var. 

The etymology of the term O'htl, would seem to be connected 
in some way with these geologi'-al phenomena. A tradition exists 
that, from lime immemorial, the earthquakes of Comrie were co- 
temporaneous with subteiianean movements or noises in the Oc/iU 
range, near Devon. Tbe Gselic word oehain, or ochail, signifies, 
according to Ai-mstrong, " moaning, waibng, bowling ;" and 
hence it is inferred that the name of the " Moaning Hills" may 
have been given to the range, from tbe sounds so frequently heard 
in the district. There can be no question as to the probability of 
a subterranean sympathy betwixt the two localities, through tlie 
Instrumentality of these dykes, or otherwise; and, though the 
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series of events referred to above belong to an anterior age — far 
remote, indeed, from the human and all its traditions — a plausihle 
origin is tlma given to tlie name, in connection with an analogous 
series of eventa that did happen within the human period. 

ly. A vast historical interest, therefore, is to be attached to 
these hiEs, and their phenomena of veins, connected as they are 
with tie first elevatory movements of the globe, and when form 
and outline were being given to its massive fuihiess. The hand of 
the Creator is clearly seen in raising them up from the depths 
b 1 w 2T t a particle of the entire volume is in its original po- 

! tl at Tvhich it would of itself statically assume. God 

f rm ! rything for use, while beauty and agreeableness of 

h p mseparably combined. When viewed in the light of 

11 t n t is not enough merely to say, and fliere to stop short, 
that n the outward face of nature tlie impress of power, 

w d m and goodness — that none of these things made them- 
s 1 — th t the rocks and mountains are an image of Jehovah's 
^ atn — the streams, plains, trees, come, animals, the effect of 
His love and care All this they unquestiombly are but thev 
are more. Their arringement an 1 di position beside tlieir meie 
existence, evince a continued supenntendence — a puipose and a 
■will to maintain an ider and construction of elements which 
would otherwi e sep-uate and dissohe— a keepm^ together and 
as one, each af er Ihf u wn 1 md the inorj^an c and organic p ixte 
of creation. The philosophy, as well as theology, of tliese arrange- 
ments have been thus beautifully recorded ; Thou coveredst the 
earth with the deep as with a garment, the waters stood above 
the mountains ; at tliy rebuke they fled, at the voice of thy thun- 
der they hastened away into the place thou hast prepared for 
them. Thou hast set a bound that they may not pass over; that 
they turn not s^ain to cover the earth. — It is demonstrable that, 
were all ike rocks which compose our mountain ranges and dry 
land to be dissolved and cai'ried into iiie sea, the waters of the 
globe are sufficient ag^n to cover and conceal from view their 
vast aid multiform materials, and to replace them in those depths 
whence they originally arose. 
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Dr. Clialmera, in his woik on mtural theology,* has not, we 
think, correctly appreiiended (he beaiinga of thp ai-gnment for 
tlie esistenoe of a God diawn from the fict ol tin: existence of a 
material world. "We do not pprceive," he says, "how, on tlie 
observation of an unshapen mias there can Irom its beinff alone, 
he drawn any clear or stiong mfeience in fa* or of its non-eternity : 
or that simply because it now is, a time must have been when it 
was not. We cannot thus read in the entity of matter, a prior 
non-entity, or an original commencement for it : and something 
more must be affirmed of matter than merely that it is, ere we can 
discern that either an artist's mind or an artist's hand has at all 
been concerned with it" Is this either sound reasoning or good 
philosophy ? The fact of tie entity of matter does, necessarily 
and directly, lead to the inference that it had a beginning. It 
could not originate itself, and just the more as it is viewed in its 
mere materiality, so much the stronger and irresistible the conclu- 
sion that there was no potentiality inherent in itself to cause it to 
begin to exist. Strip these hills of all their verdure — remove from 
tlie mind all consideration of their beauty, variety, and softness of 
outline — divest that landscape of its ebb and flow of tide — of all 
til at constitutes the scene one of the most chai-ming on the face of 
the earth, and in its desolation and sterility you would still in idea 
revert to a period when it was not. These shapeless, inert, barren 
masses of rock, and soil, and sand, did not place themselves there 
by any power of their own. Whether on Mount Horeb or Ben- 
cleugh, the mind will learn, from, its own inner voice, that the traces 
of Jehovah are there — a Power, beyond and above, that called 
these rude piles into being — the absence of all form and vitality 
in themselves the proof and the witness of the Creator's mind and 
the Creator's hand. Death cannot originate anything into life. 
Matter, as matter, cannot constitute nor begin of itself to be. A 
scene like this could not now commence its own being, and at no 
period in the past did it possess a single property of self- existence. 
The entity and eternity of matter are, tlierefore, two physically 
impossible things, as nothing but the one supreme intelligent God 

* Worlis, vol, i, page 1S9. 
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can. be at once self-existent and eternal, and tliat which is God 
cannot be material. 

But, if the rcasoHing here is bad, the philosophy is stall worse. 
It is not philosophy at all to speak of anytliing in nature as tm- 
shapem. Matter is never presented to us in its simple elements. 
What we see of the visible, materia] world, is something in com- 
bination with something else, substance united with substance, and 
the iinioa and combination are not accidental or chancewort. 
There are law, order, and definite proportion in every compound 
body. Things go together by determinate arrangement. When 
first summoned into being, the elements of the wnirerse had each 
separately tlieir own communicated properties; they took their 
places ia the mass, each according to their natures ; and now the 
little and the great, ilie bowlder on the heath and the orbs on 
high, the concrete rock and our whole planetary system, are 
modeled upon a plan, and all subservient to a purpose. In de- 
composition none of them waste or decay. Eesolved info their 
primary atoms, they unite in new arrangements, and collect into 
new bodies ; and in the putrid corrupting mass, the law of order, 
symmetry, and beauty, reigns iu active operation, ehminaling new 
structures and establishing new harmonies. 

Men have long been acquainted with the fact, that in all combi- 
nations of two or more substances, there are certajn proportions 
which obtain among the different ingredients, and tliafc tlie best 
mixtures are those which are regulated according to a scale. The 
arts have flourished, and improved in one age above those in an- 
other, just in proportion as this principle has been attended to, and 
the degree in which the properties of compounds have been ascer- 
tained. We hence learn to imitate the crystal in its clearness, and 
to rival the colors of gems and flowers. The metals are thus tem- 
pered for the use and benefit of society. The acids are neutral- 
ized, and salts are formed, and the health of man is restored or 
preserved. Dalton discovered the law of combination in definite 
and multiple proportions to be constant in the tliin air we breatie — 
that water, in all conditions and sitiiations, consists of the two in- 
gredients oxygen and hydrogen, and that these in weight are 
always as eight of the former to one of the latter — ^that even the 
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most elastic gases are composed of particles of red, ponderable, 
definable m.atter— and that through all substances, palpable or im- 
palpable, gross or ethereal, the principle of aggregation, according 
to the atuaiie theory, is universal. Science has not, indeed, as yet 
determined what is the law of connection between the chemical 
composition and the crystalline forms of bodies ; although Sir Da- 
vid Brewster has clearly established that there is an exact corre- 
spondence between their optical properties and their crystalline 
forms, — the law of the traiisiaiesion of light through specific sub- 
stances. Sir Isaac Kewtoa had long before come to the conelu- 
■ — d fr th I b ht d wn il '! pby t pi in 

th tl y f tl -th— 1 t All tb d d t m 

pbblhOd lb fdtt hi 

J haid p t bl p t i f h fi d 

tl 1 tl Pi* 3^il h p p rti to p aj) 

t d dtoti dfwblhf-mdth dtht 

tl p m t p -t 1 b ] d ai mp bly h d 

tl yp bd mpddftlm yld 

to b k t J dm. y p w b bl 

to divide what God made one m the first creation. Phdosophy 
such as this, verified, much of it, by an induction of rigid experi- 
ments, discovers a univeree of matter wortliy of its author, and 
like him — a God, not of confusion, but of ordei-; things framed, 
every one of them, according to rule and method, and aU stamped 
with tie indelible impress of utility, design and loveliness. The 
"unshapen" has no place in the physical world. 

" It is not," continues Dr. Chalmers, " from some matter being 
harder than othera, that we infer a God ; but when we beliold the 
harder placed where it is obviously the most effective for a benefi- 
cial end, as in the nails, and claws, and teeth of animals, in this 
we see evidence of a God." 

Now, this is precisely what has been done in the construction 
and disposition of the several parts of our planet. TJie hardest 
matter is placed where it can subserve a beneficial end, on the 
hottom of the sea, the shores of a continent, the hills that border 
the valleys of a country. The framework of the globe is in itself 
of the most durable materials, and these materials have been all 
so arranged as to render tte earth solid, fertile, and beautiful 
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diversity of climate, combined witli diversity of soil, moisture, 
and shelter. These rocks may have been molten in the depths 
beneath ; but no imiate powers of nature raised tliem unto moun- 
tains, and separated the hard from ilie soft, lifting the heavier 
substance into the highest places, and scooping out the hollows for 
the lighter. These are acts, all of them, of divine might, directed 
to a purpose, and what alone could render this world a fitting 
abode for living things. Wonderfully made are aU the creatures 
of our earth, — every bone, sinew, and muscle in its appropriate 
place — and so constructed as best to perform their respective 
fitnctJons. But equtdly wonderful the adjustment and adaptation, 
through all its parts, of that eai-th on which they are domiciled, 
and which miniaters so admirably to the various wants and re- 
quirements of its diversified tribes of plants and animals. Kot 
more significant of design, cor more effective for a beneficial end, 
the bony heads and enameled scales of the finny inhabitants of 
the period, the cephalaspes sad holoptychii of the stratified rocks, 
than the indurated texture of the traps as a solid casement in 
which tlieir waters were to be retained, and a storehouse of well- 
assorted materials, whence substance and nutriment were to be 
extracted for the land. The argument, in short, so far as fitness 
and utility are concerned, is one and the same in both classes of 
objects — the house and its inmates alike illustrative of contrivance 
and skill — equally eloquent in prdse of the artist's mind or the 
artist's hand. 

And in this way it is, that the story of our earth should be 
read, and the course of creation should be traced. In the first 
ordering of things, we see the interposition of a great First Cause ; 
and the farther back we go in our geological researches, the more 
closely do we discern the chain that connects our globe, and all 
that is ia it, with the throne of the Eternal. The everlasting hills, 
we are constantly reminded in Scripture, are the witnesses of his 
power. They are appealed to as the evidences of his ever-aclive, 
ever-sust^ning presence, What wonderful manifestations of his 
might and wisdom have diey been called to testify I Mount Ar- 
arat, tlie symbol of his saving interposition — Mount Sinai, for the 
giving of the law, and surrounded ■with the thunder and terror of 
his great name — Horeb, proclaiming his mercy and the gentleness 



Host.d./Gciogic 



TKAP nOCKS. 91 

of his love — Gilboa, drenched in the blood of his swift vengeance 
— Hermon, a tok^n of the miimtene - of his care and the sweet 
ness of his g e— T b 01 t d C 1 y f th 

mystery of inc m t d wf 1 p ty f mfl hi j t — 

And these very h 11 dm tam, d tandi mm 1 

through all ag and th It th t t hi b dd g th y 

arose, and hy h t 7 tl y t II pi Id dp 

served on high 

We i-egard tt ly ui te 1 1 li d tr 1 f tl 

from the " ent ty f tt w t f tl t t 

God. Matter, as mere matter, we do not see, and know nothmg 
of. All the matter that is brought under our notice, is either or- 
ganized or elaborated into arrangement and disposition of paj^, 
as nicely harmonized and adjusted as organic shape and form, — 
The organic and inorganic structure may differ, but the difference 
is one of degree, as much as of kind. The argument, from the 
existence and composition of the atmosphere, the salubrious mix- 
ture of gases in Uie formation of water, the capacity and adapta- 
tion of soils for the germination of seeds and the growth of plants, 
is equally pointed as to the proof of design and beneficial end, as 
that which is derived fr m the fleece of the sheep the feathers of 
the bird, and the silicious coit ng of the whcit stalk The uses 
of these things are ohvi is and seen and appreciated at once. — 
But so is every molecule of matter and aggiCg^tion of rook, in 
the largest amorphous maas as in the poh&hed t.r> ^talhztd gem, 
assimilated by law and ind irated tor use And when we see the 
structure of the entire globe so diiectly conducive to the well be- 
ing of its numerously diversified famihes we hi^e the argument 
the same in the whole as in the partb m tht lump sh mi s as in the 
order and symmetry of the bones, muscles, and organs of the 
animal frame. But for these hills the ram would fall perniciously, 
and the dews distill in vain. Of what use the return of the sea- 
sons, with no variety of climate ? and while the ocean encompas- 
sed the globe, where would be the courses of the rivers, the mists 
and ezhalations of the valleys ? We may often mistake the uses 
of things, the end and purpose of particular arrangements ; but 
the doctrine of Fin'al Causes we ought never to leave out of our 
calculations. They pervade all nature. They permeate all bodies. 
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Tlie world as constituted, the creation wliicli we contemplate and 
admire, is in all its parts and dispositions a system of means and 
ends, a combination of instruments and skiOfuUy -balanced agen- 
cies, a brigM ever-discoursing record of the Eternal Mind, which 
yet shrouds itself in light inaccessible and iitterly unfathomahle to 
the comprehension of all created, finite intelligences, whether hu- 
man or angelic. 

Thus geology takes us up te the beginnings of creation — shows us 
the ingredients and arrangements of matter— lays bare tlie foun- 
dations of our eai-thly dwelling, the divisions and conveniences of 
its apartments — and seeing wisdom in adaptation, design in endu- 
rance and suitability, we infer, upon eqiially irresistible grounds, 

that the earth is of God, and manifeEta in everything the perfec- 
tions of its Author. The scheme of creation, ia all its parts and 
relations, we may never know ; its course and order we can dis- 
tinctly trace through many of its arrangements. 






Belative Positions of Trap, 
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THE CAEBONIFEROUS SYSTEM— PERIOD OF GIGAWTIO 
VEGETABLES, 



The system of rocla termed tlie Carboniferaiis constitutes the 
most remarltablo, as well as the most valuable, group in tlie wtole 
range of geological invesfigation. The strata of which this sys- 
tem is composed, evince design in tlie clearest and the most iine- 
quiyocal manner, testifying to tJie mandate given on fJie third 
day of Creation, that the earth was to bring forth grass, the 
herb yielding seed, and the frait-tree yielding fruit after its 
kind ; and which, in the prodigious development of vegetable 
matter that so early and rapidly ensued, demonstrate such pro- 
ductive powers of nature to have been chiefly prospective, and 
preparatory to the still higher development of life that was to 
follow. 

Milton has finely imagined a tradition in heaven, long subsist- 
ing, concerning the creation of a new world, and of man for 
whose habitation it was intended : 

"Space may produce new worlds, whereof so rife. 
There went a fame in iieaven, that He ere long 
Infended to create, an<i therein plant 
A generation, whom his choice regard 
Should favor equal to the sons of heaven ; 

The happj seat 
Of some new race, called Man." 

The idea here so beautifully expressed is, that the cosmical 
arrangements of the earth were, from the beginning, so conducted 
as to be subservient to man's well-being ; and, certainly, nothing 
could show more the dignity of the new race, or the interest 
taken in them by their Creator, than this tradition which ran of 
(93) 
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them in other spheres. But geology, more to be relied on thiiti 
poetry, furnishes demonstrative eTidence of the anterior designs 
and purposes of Omnipotent Wisdom in actually fitting up " the 
happy seat," and in storing it beforehand with materials suited 
to the wants and comfortable subsistence of him "who was to be 
its loftiest inhabitant. The coal-metals, in the discovery of their 
history and position, alone vindicate the Importance of geol<^y as 
a science. The whole group with which they are associated, in 
their mineral and vegetable contents, their place in the system, 
and the means provided at once for protection and excavation, 
manifest a series of contrivances so expressive of design, as 
cannot fail, when read aright, to draw forth our gratitude and 
■wonder. 

I. The Mineral luGSEniENTe, Position, anh AaitANGEMEKr 
01' THE Cabboniiterous Sststem. — The rooks belonging to this 
formation, in the order of superposition, succeed the old red sand- 
stone, consisting of a series of deposits of great thickness, of an 
infinite number of alternations and varieties, and nearly the same 
in every coal-field all over the earth. They constitute one great 
group of marked physical characters, formed under similar condi- 
tions, and produced during the same epoch or period of time. 
The o\it-crop of the beds meets the eye along the ridge of which 
the Lomonds may be taken as the center, ranging eastward by 
St. Andrews to Fifeness Point, and extending indefinitely west- 
ward by Stirling, Campsie Hills, Port-Glasgow, to the coast of 
Arran. The southern lip of the great coal basin of Scotland 
stretches from the German Ocean, near Dunbar, to the Ayrshire 
coast in the North Channel, flanked by the old red sandstone and 
Silurian roclis almost continuously throughout. And within the 
apace now indicated are situated all the principal coal-fields of the 
northern part of the empire. 

The lower beds of the formation consist generally of coarse- 
grained sandstone, termed by the English geologists millstone 
grit, and inclose a few thin unworkable seams of coal. Bands of 
ironstone, shale, and sandstone are superimposed in repeated 
alternations. A thick massive limestone lines the edges, feather- 
ing in and out through the area of the basin wjiich contains the 
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coal metais. Ttis is the moimtaiu limestone, tie most of which 

1 to hive once esisted as coral reefe, raised on the 

f h 11 w ds bd vided as to form suitable compart- 

m t. f g d t g the matter of the coat. Accord- 

ly aJ n te d h Us everywhere prevail in the rocks 

t tl d ]. t nd m stances, present Uie appearance of 

h m g I * t**! mass of the remains of these marine 

mm 1 — ^th h -1; f 1 vi g eatm-es which tlie waters were 

1 d t b ing f rth d w h which they were now swarming, 

Th b turn b d th t coal, generally occupy a central 

p t th g up fi mly ked and inclosed between the are- 

d h ly t t. Tl number ol seama ^-iiy in different 

b ra g Id om eleven to thirty tuo oi tliiity 

tl nd mp m n ge thickness ol the useful minejal 

f h nd 1 nd tw ty f t The varieiies of coal — as anthia- 
t bh 1 1 1 pirrot, and the common liou'ie or 

1 1 — as d hiefly by the different propoitions 

tttbtnu Imts which enter mti then cfmposition 

L p dwitl '^ tl nd th al-measures of Englind -ind "Wales 
! ^ t g ^l liness, lie far beneith tiie surlace, 

d ntn g lag tr proportion of bitumen. 

Th h n t n th als, as defined above, is inclosed 
Vi th th g t 1 f p mary and secondary motintmns of 

tl t 1 d t t f "^ tl d, which were upheaved into dry 

1 dbf tb aimas were formed. A period of violent 
di t b hal thu ].as d away, when the carboniferous for- 
mt b dnttfknsf having been begun and completed 

t q 1 t B t atte being coUeeted, the coal-metals 

p d t th t disturbing forces : eruptive masses, 

of igneous origin, have invaded their domain ; basalts and green- 
stone, trap dykes and veins, are everywhere found within their 
inclosure ; and apparently the utmost disorder and irregularity 
now reign, where order and stillness once prev^led. But look a 
little closer ; examine the length and breadth of any coal-field in 
any part of the world, and you will discern proofs of a purpose, 
not only in the quality of their materials, but in tlie position, 
arrangement, and grouping of the metals ; those very disturbing 
forces, to which they and all earthly things have been exposed, 
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gmng ui luno il tL tiiA iiy of in meirulm^ mtdli ei-.c, coii- 
fuiuin^ throiigb. nil age^ to -iiipumtciid. and guide the i various 
operations 

fetudy lay coalfield m jcur api^hborhood and observe the 
place of the mineral It dots not 3 e exposed upon the surface, 
but 13 placed at a considerable depth in the eaifli ot Tvhich many 
are apt to complain thmLing that it ■^ diffcient aridngemeat had 
preyailed much needless laboi and expense would have been 
saved. But the constituent elements of coa! are siich that by 
exposure on the suifai,e the minei il would m a compiratively 
short period of time hive run to waste and decay Even a 
thick covering of eaithy mold would not hiie been sufficient to 
protect it and theref re wa the treaswie purpoiely hid in the 
earth, and au in'-losed that the floods could ntt waoJl it away. 
Then consider the gmb^ of the lock;, by which the (,oaI is pro- 
tected ind along nith ■nhich it i*. mvaiiably associated These 
consist of limestone sandstone shale and clay iionstone which 
always occupy the some bisna and alternate with tke coal 
sometimes m a series of moie thau a hundred beds 9uch a 
group of «ell phiracteriaed locks not only act as a guide for de- 
termining ti e lo slities of the valuable mmeral but they serve 
the double purpose of facilitatmg the excavation by affording at 
once a safe roofing to the mine and an easy passage for the 
drainage of the wtt«i whieh iccumulates m the pits No other 
class of rocks wiuld ha\e been so suitable The granite and 
crystailine roeks^tould hive been ineonvement or wholly unfit 
no borings could h ivt, been effected thiough such materials ti any 
extent the opeiitiont. underneath would have been equally diffi- 
cult and tinmm^eable and thiough such hard cempict sub- 
stances the drunage must have been impiactieable But a still 
more remaikable mdication of contrivsnee aiises from tie elevated 
and *Moft«m/^s!/w>n into whieh the coal stiatahaie been thrown. 
Had they remained in the position which they ongmally occupied, 
aad been covered with the i ast aceumulations which hive sub- 
sequently taken place their depth would have been utterly beyond 
the industiy of m-m to have leached Hence the ivateia have 
disappeared baiiUj, iLCcmphshed the purpose Jor which they 
were, m this instance spread ovei the earth, and the roeLs formed 
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boiieath them have lifted wp tlieir heads ; not uniformly, or in one 
Rontijiuous unbroken mass, but divided iuto small sections, and 
inclined in eveiy possible direction. The "vviadoni of this appears 
from two considerations : From their inelJaed positaou, the vari- 
ous beds of coai are worked with greater facility than if they had 
been horizontal, a level is produced for the drainage of tlie water, 
and the edges of the coal bent upwai'd are brought nearer the 
surface. But these advantages are, every one of them, increased 
incalculably by (he division of the coal-field into limited sections, 
whereby less water is allowed to accumulate than if file beds had 
been indefinitely extended ; then- lower extremities are prevented 
from being plunged t« a depth that would be inaccessible ; and 
their several portions airang-ed in a series of tables, like the steps 
of a stair, rising one behind another, and gradually inclining out- 
ward from the lower to the upper seams of the basin. Again, 
every coal-field is furnished with a system of checks, in the shape 
Q^faiiils or dyhea, ag^nst floodings, fire-blaae, and other aecidents 
that occur in the operations of mining. These faults or dykes 
consist of clay, the deti-itus of tlie associated rocks, or of intnided 
whiustone, with which the fractures produced at the period of the 
disraption and elevation of the coal-fieZd have been filled up, and 
the various sections of the metal insulated, and contracted to more 
workable dimensions. They present the appearance of a vertical 
wall, cutting the strata at right angles ; and, though often occa- 
sioning much inconvenience and interruption, yet, as every expe- 
rienced collier well knows, forming upon the whole his greatest 
safeguard, and essential every way to bis operations. To all 
which add, as constants in every coal-field, the minerals of lime 
and iron, gifts, both of them, of inestimable value : the former in 
the amelioration of the soil and consti'uefion of every social edi- 
fice; the latter ductile and plastic £w wax, capable of being welded, 
and yet, by a slight chemical change, possessed of adamantine 
hardness ; and the coal always there, in juxta-poaition, to sei-ve as 
a fuel for the redwolion of the limestone and ironstone into their 
cconomio pi-operties — properties starting into agency as if by a 

These are a few of llie fa«te connected with the aa-rangement 
and distribution of the coal-measures, in whatever quarter of the 
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globe they are found. la it possible to resist the conclusion, that, 
in such a disposition of things, there are the clearest indications 
of contriTaiice and design. ? Nay, that the argument derived from 
the construction and positions of the solid parts of the eaith is the 
same in kind, if not in degree, with that which is so irresistihly 
demonstrative in the case of the organic structure of the living 
frame ? The dance of atoms imagined hy the philosopher of 
antiquity, could never have terminated in the perfect order and 
harmony of the heavenly bodies — innumerable systems of worlds 
maintained, — each htmg upon nothing, and duly preserved all of 
them in their respective spheres. Equally impossible is it to con- 
template a disposition of things ao adapted, and indeed so indis- 
pensable, for availing ourselves of the mineral treasures of the 
earth— essential to our wants, and ministering so dii-ectly to our 
social comfort and improvement — and yet to refer the whole, or 
any paxt, to the blind operation of fortiutous causes. Impossible, 
indeed, it ever will be, for the human mind to embrace or unravel 
aU the mysteries of creation ; but thus admitted to the mighty 
wonders of the interior, we are almost enabled to trace the history 
of the moving atoms from their chaotic disorder into their places 
and arrangement in the visible universe — to see dead matter as- 
suming the forms of Kfe and organization— -clothing the earth for a 
season with luxuriance and beauty— buried for ages under the 
solid rock— and f^ain, out of coldness and death, affoi-ding light, 
and waimth, and power to the successive generations of men. 

II. Origin of thb CAHBONirBnous Eocks.— The strata com- 
prised within the coal-measni-es are variously estimated ; being, in 
some instances, about eleven thousand feet in thickness ; in other 
cases, of much greater depth ; and of this mass of matter, the coal 
itself does not occupy more than a majciraum average of one 
hundred and fifty feet. The shales consist of thin beds of mud, 
washed down by the rivers from the neighboring heights, and 
would appear to have formed the soil on which subsisted a rank 
vegetation ; ilie impressions of plants, roots, and tninks of trees 
teing still found in a standing position. It is from these bands 
of mudstone that the best specimens of the flora of the period ai-e 
derived ; every thin splitting presenting the moat entire and beau- 
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tifully-preseryed figures of fronds and stems. The ironstone is 
usually mixed up or associated with the scales, and consists, like 
tliem, of comparatively tliia beds of femiginouB clay. The sand- 
stones, of which the greater proportion of the mass consists, have 
clearly resulted in the continued action of the same causes that 
produced the old red deposit of the anterior period. But the two 
remarkable products of the age are the calcareous and coaly strata 
which give oliaracter to the system as well at, the epoch m whii-h 
they were formed ; the one stowing a sudden de\ elopment of 
carbonate of lime and the other an increase ot vegetable mattei 

1 nd mnmtpcttlm ta> the most stiilimg 

p m d f tc ■sulfate of the 

gl h t d w tl tl h to 7 f pi net The bifu 

p d tb f th b 1 nan p d f th a ichroni^m may 

b 1 d d 1 t th 1 n„ fte tl full han est 

Tl ! m to unq sb bly f m rm n n, as the count 

1 myn d 1 test. ml d m t t bfy and was probably 
tru tdbytlpm If 1 ftl 1 d-making arohi- 

ln,ts by which the coral reets of o r p esent aeas are raised, and 
whose instincts have found them similar employment in. all ages 
of the world. The limestones of the earlier systems may have 
been formed in the same manner ; and then, as in the subsequent 
period, we must go to the great original storehouse of Nature for 
the materials on which tjiey worked. The spoils of the primary 
i-ocks could not supply them, as the quantity of the carbonate of lime 
therein contained bears no proportion to the masses which consti- 
tute the mountain, limestone group. But the calcareous substaaee 
was already, in some elementary form, in combination or other- 
wise, in existence — the animals capable of secreting and arranging 
it anew, as the secondary instruments of creation, were abounding 
in the seas — shallow bottoms over the subjacent sandstones of the 
devonian system, and within the required conditions of life, were 
prepared for their operations. The waters had now brought forth 
abundantiy the moving creatures, which, at first more scantily 
distributed, produced the Umestone of the silurian rocks, as the 
arborial remains of the land, in like stinted measure, ai-e inclosed 
in the older paleeozoic deposits. Their day of increase as it ad- 
vanced, each after tlieir Mnd, is recorded in the vast accumula- 
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tions of animal and vegetable matter ■whict compose the strata of 
the carhoEiferous system, both of an order and quahty purposely 
so arranged, and never upon the same scale of magnitude to be 
repeated in tlie combustible mineral. 

This a«coimt, as given by geologist, of the origin of the 
iQOnatain limestone, is rendered not only probable, but almost 
certain, fey the manner in which we find tliese little insects, the 
coral-builders, coastnicting their piles of masonry at the present 
day. For example, certain species of polyps, of solitary habits, 
work alone, each reaxing a single stem or stalk, from which others 
project ; then more sterna are produced, until, upon the completion 
of the whole, there results one of tkose beaiitiful arborescent 
structures so muoh prized as ornaments for cabinets and drawing- 
rooms. Some, again, attach themselves to the loose stones, upon 
which they form their little tree or flower-top ; others adhere to 
the solid rock, from which there springs a stony vegetation, rival- 
ing often, in variety, luxuriance, and brilliaaicy, the most showy 
vegetable productions of tropical climes. But a certain class aje 
gregarious, and will only work ia company. Myriads of these 
inliabit the Pacific, constructing entire islands, and throwing up 
mighty barriers of rock, and threading over vast areas of the sea 
with inosculating fines of coral reef. The calcareous aeci;mulation, 
known as the Great Barrier Reef, extends for about a thousand 
miles in length, by about thirty in mean breadth, filling up, with 
its various reticulations, the whole intermediate apace betwixt the 
coast of Australia and Bristow Island, off the coast of New 
Guinea. The works of these minute creatures thus occupy an 
area which may be roughly estimated at thirty thousand square 
miles ; the difi'erent branches fonning compartments of variable 
extent, which are divided into linear, outer, and inner I'eefs, and 
embracing within their ample folds the entire spoils of ocean fiv- 
ing or floating in these parts. 

The mountain limestone of our own country, formed in like 
manner on the sea-bottom of corallines, has a wide geographical 
range, extending from the bay of St. Andrew's on the north, to 
the extremity of Wales on the south; passing into Ireland, 
where it is elevated iuto long ridges, or occupies the mountinn- 
slopes ; and forming outJiere or extended barriers in all the 
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soulieni coimties of Scotland, smd in. tiie greater portion of tJie 
northern, the middle, and the south-western distiiofs of England. 
These were the coral reefs of aii ocean now rmsed info dry land, 
divided, too, into outer and inner compartments, or arranged into 
systems of lines and branches, which diverged from or inosculated 
with each other. Nor does tlie resemblance between the recent 
and the more ancient formations stop here, but extends to the 
structure of the deposits, lithologically considered, the mechanical, 
sub- crystalline, and crystalline texture being exhibited in both 
sets of rocks. Thus, in tie examination of Heron Island, the 
coral beds, one to two feet thick, are found to have a tendency to 
split into slabs, and joints are observed to cross each other at 
right angles, parallel to tiie dip and strike, respectively, giving to 
the still living coral rock the jointings, cleavage, and stratification 
of the greater palseozoic deposits. Naturalists divide these 
polyps into existing and extinct races. But whether extinct and 
specifically different, or otherwise, they are creatures of a family, 
possessed of tte same habits and performing the same operations, 
now as of old ; and if, as geologists say, millions of ages have 
elapsed between the actings of the first and last generations, our 
admiration will be only all the more unbounded by tlius witness- 
ing the harmony of creation through indefinite time, and the ac- 
curacy of the Book which contains the record of it. 

The coal itself, aa now universally admitted, is of vegetable 
origin. Under the microscope, in the most compact specimens, 
the tissues by which all the coal plants are rcore or less distin- 
guished can he distinctly traced. Chemically considered, its 
vegetable origin is equally well estahlished. Carbon constitutes 
the principal ingredient of the mineral the quality of which enters 
moat abundantly into the composition of vegetablea. One theory 
of its formation is, that vegetable matter, carried to the sea or 
extensive lakes, has undergone a process of decomposition, by 
which, while some of its principles may have escaped or been 
evolved in new combinations, the carbon, with a portion of the 
liydrogen, has remained ; this, mixed with more or lesa earthy 
matter, has in its soft state been consolidated by tJie force of 
aggregation simply, or by compression from tiie superincumbent 
strata, and the action of a higher degree of temperature than now 
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exists. OlJiers aie ot opjnion tliat coil is tlie altPied residuum of 
trees and smaller plants that have giown on the spot where we 
now fiad them — thai the foiesta were submerged and covered fey 
detrital mattei, which was upraised to form a foundation and a 
soil for anothei fotest, to be m its turn submerged aad converted 
into coal— and that thus the alternation? which the vertical sec- 
tion of a coal-held exhibits are to he accounted for. The foimer 
views are maintained by 811 R. Murchison and other eminent geo- 
logists. The latter have been adopted by Sir Charles Lyell, in 
consequence mainly of the arrangements and structure observed 
in the remarkable coal-field of Nova Scotia, where he states that 
there is a range of perpendicular cliffs in the Bay of Fundy, com- 
posed of regultu: coal-meaeures, inclined at an angle between 
twenty-four and thirty degrees, whose united tMckneas is between 
four and five miles. By neither theory, perhaps, nor by any 
other yet advanced, is it possible to reconcile all the appearances 
which that singular compound, a coai-fibld exhibits — the various 
changes which the vegetable matter has undergone to convert it 
into hgnite, jet, common coal, cannel coal, and anthracite, two or 
more of these varieties often occurring in the same coal-measures — 
in. one quarter the clearest indications that the sea has let in its 
floods and mingled its spoils with those of the land, and in another 
quarter, through fourteen thousand feet, for example, of the drift 
accumulations in Nova Scotia, that there is not a trace even of 
any substance of a marine character, all appearing to have been 
deposited in fresh water. But while no explanation yet given of 
the phenomena can be regarded as satisfactory, while Nature 
withholds much, and ever will, of the wonderful processes through 
which she att^ns her ends, the vegetabJe source of the product 
cannot be questioned ; nay, the origin of coal from the extinct 
forests, from the trees and plants of a former age, is so very pro- 
bable, that some beds sound Uke wood under the heat of the 
hammer; and large areas, when thin slices are placed under the 
microscope, are found in every portion to retain the woody-fibrous 
structure. 

III. The BoTAOTcAi. CaiHACTBRS of the 9oi*a of the coal peridd 
form of themselves an interesting subject of study, and suggest 
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some veiy important considerations as to the liistoiy aad pni'pose of 
the fonnalioii. These will be best nndei-atood fay a reference to the 
stiTicture and habits of plants in general. Those of the coal, it 
will thence be seen, belong exclusively to one or two fami- 
lies, — as ferns, palms, and coniferse, — which seem to have grown 
in every soil, and to have been adapted to every climate. 

The most general divisions of existing plants are into the vas- 
cidares and cellulares. The former kinds all beai- flowers, possess 
a system of spiral vessels, and are termed phonogamous. The 
latter, on the other hand, are flowerless, have no spiral vessels, 
and are denominated cryptogamous. 

Another extensive subdivision of plants proceeds upon their 

anatomioa] etmoture, and the laws which regulate theiv mode of 

growth. Thus one class, it has been obseiTed, increase in bulk 
by additional increments to the outside of aD the parts which com- 
pose the plant, as the roots, stems, and branches ; another, by ad- 
ditions to the inside of all these members : and for this reason the 
former are called exogenous, and the latter endogenous. In the 
one case the new or youngest growth is always exterior to the old ; 
and if tlius left unprotected, it will be readily admitted that the 
growth of all such plants would be greatly and constantly endan- 
gered by atmospheric as well as innumerable other causes. The 
remedy provided by nature against Uiis, is a covering of the sub- 
stance called hart, which is folded round the entire exterior, stem 
and branches, of the whole exogens, and within which the newly- 
formed tasBue is all safely deposited. No plant, on the other hand, 
whose growth is from within, needs any such protection, and 
accordingly none of tbem — as all the grasses, corns, canes, and 
fungi — are possessed of hark, or any analogous membrane. The 
baxk is an ephemeral substance, which lasts only for a year, and 
has annually to be renewed. 

The additions to all exogenous plants are indicated in the stem 
or trunk, by concentric lines or circles. In the center there is 
a cellular substance caUed pith. When you take, therefore, a 
cross section of the trunk of this class, the structure and parte 
will be arranged thus — bark on the outside, pith in Oie center, 
and between these, concentric deposits of woody matter, and all 
connected into a aohd mass by plates of comb-like tissue, radiating 
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from the interior to tlie circuinfereaoe, and termed medullary 
rays. A stracture like tins, so closely aaid firmlj' united, and filled 
up througli all its parts, waa surely intended for endurance; and 
yet out of this class 6f the vegetable tiihes, nature has selected 
few of lier carboniferous models. The plants of the period, as 
yet detected, are composed chiefly of cellular tissue, mixed up 
■with the substtmce of the stem, and -without pith, medullary rays, 
concentric woody deposits, or the binding ligament of bark. The 
hardy oak and tall slender cane may be taken as examples of the 
two modes of stracture — the former alUed to existmg, the latter 
to extinct families. 

Another ground of distinction aioong plants consists in, the 
leaves op flattened expansions, from which they derive all their 
grace and symmetry. This ia farther connected with the seed 
and rudimentary organs, and gives rise to . the division into 
cotyledonotiS and acctyledonous plants. The non-flowering or cryp- 
togamous are all of the latter kind. The flowering or phonoga- 
mous not only belong to the former, but are again subdivided into 
monocotyledonous or dicotyledonous, according as their seed- 
vessels are possessed of one or of two lobes. Where tliere are two 
lobes the expansion of the germ upon bursting, from the gi-ound 
terminates in two imperfect leaves, by which the botanist can at 
once determine the class to which it belongs. The corns and 
grasses have single cotyledons, from one extremity of which de- 
scend the roots, and from the other the stem springs up, termin- 
ated with a single leaf. 

The leaves perform important functions in all those orders of 
plants with which they are connected, and serve as interesting 
guides in fossil botany, which seldom derives any assistance from 
the moie destructible lod "fleeting, flowei " Tlie le-n es of plajits 
consist of a complicated net woik of lesselo tilled up in the inter- 
stices by cellulij' tissue ind co\ ered o^ ei with * thin epidermis or 
skin Those belonging to the monocotyledonous ?ub class are 
travel sed by a number ot paiallel veins while dicotyledonous 
leave' oie divided mto regulii cornpartments some ot which upon 
withering dL'^plav the most perfect and beautiful si ^tem of reticu- 
lation rivaling in deiicicy of teiture the wm^ of tht gossamer. 
Leaves which outlast the season as in evergieens aie termed 
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nOQ-deciduoiis, and are covered or interwoven witli a tliia crust of 
silex, which at once sorvra to protect and cominiinicsvte to these 
ornamental slii-ubs their bright enameled appearance. The grasses 
possess tliis property, and some of them can elaborate in their 
joints crystals of considerable magnitude, The leaves of ferns are 
called fronds, and differ from true leaves in bearing the reproduc- 
tive organs on tie surface, -while the slightest inspection of tlieir 
form and mode of expansion readily distinguishes tJiem from all 
oiiei-5. Fronds, properly so termed, originate in tlie stem and ai-e 
part of it ; there is no distinct line of demaikation between them : 
st«m, leaf, and spoii, or seed, are all ■ as one body ; and thus, as 
being of one piece, these ^membranous organs have been (jnmntly 
likened to a garment without a seam. 

From this brief description it will be. seen that all plants and 
trees arrange themselves under two gi-eat classes, namely, the soft 
and spongy, or the hard and fibrous -woody stracture. The re- 
mains of such as have been detected in the carboniferous rocis 
belong almost exclusively to the former class, the cryptogamiffi 
and endogense, while of the three hundred and upward of fossil 
species which have been described and figured, not more than 
ten, and some of these still of doubtful characters, can be regarded 
as of exogenous and true woody growth. Ferns, mosses, palms, 
and gigantic succulent plants, now all allied to those of tropical 
climates, constitute the vast preponderancy of the fossil flora of 
the age in question. Are we to infer from this that the other 
families and tribes -which at present so abundantiy cover the earth 
were not then in existence ? The botanist can now refer to his 
catalogue of eig'hty to a hundred thousand species of existing 
plants, growing in the different regions of the globe, and of widely 
distinguished habits and forms; and were few or none of these in 
being then ? We possess not, as yet, sufficient data for the solu- 
tion of this veiy mteresting problem, although in the progi-ess of 
geological discovery, every year is adding to the list, and giving 
us a more extended acquaintance with the vegetable products of 
the coal period. An important experiment recently made by Pro- 
fessor Lindley would seem to favor the probability that a far more 
numerically abundant flora had then existed. One hundred imd 
seventy plants were thrown into a vessel contMning fresh water. 
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and among them were species belonging to all the natural orders 
of which the flora of the cotd-nieasures consists, and also to other 
natural orders which it migit have been ezpected would be fownd 
associated with. them. In the course of two years, one hundred 
and twenty-one species had disappeared, being entirely decom- 
posed, and of tlie fifty which remained, the most perfect speci- 
mens wei-e those of coniferous plants, ferns, palms, lycopodiaccse, 
and the Ulie — the families, all of them, most allied to those pre- 
served in the coal-measures. 

Now the important fact to be attended to in this experiment is, 
tiie wide geographical distribution during the earhoniferoua ei-a of 
those tribes of plants which enter moat certainly and abundantly 
into the composition of the coal metals. Many otliers may, and 

doubtless did, flourisli within the period of the formation. But 
that the plants, possessed of the most conservative vegetable 
qualities, and the most capable of resisting solution in water, 
should be precisely the kinds which had then a universal range 
over the earth's surface, can be ascribed to nothing else than, to a 
wise predetermined purpose and arrangement. These plants were 
growing in eveiy region. Every clime favored them-— every soil 
nourished them. Tlie bituminous product was intended for man's 
use, whose family was destined to inhabit the whole earth. How 
irresistible the conclusion, corroborative of all the proofs of design 
derived from the nature and structure of the coal-measures, that, 
anticipating his wants and providing for bis improvement, nature 
purposely constructed such forms of vegetable life, possessed, like 
the watch, with a compensation balance so as to suit every con- 
dition, and to thrive in every land ; or, what is equally probable 
and consonant to tlie requirements of the problem, that there was 
such a uniformity of cUmate and temperature, and other chemical 
adjustments, as were most adapted to the peculiar and prevailing 
vegetation of the period. 

IV. The OaoAHic Eemaiks we proceed to consider more in de- 
tail, where a remarkable contrast wUl be observed between the 
vegetable and animal types presented, so far as they have been 
respectively fossilized and preserved. The vegetables are nearly 
all of terrestrial, the animals are as generally and predominantly 
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t, cliai'acters. Is this the result of blind cliance, or of 
and foresight ? 

The plants of the coal epoch consist chiefly of tlie eiyptogamia, 
and of these tJie ferns aie the moat abimdaat, composing, accord- 
ing to the estimate of M. Brongniait, about two-thirds of the. 
entire cai'bonifeTOUs flora. 

The number of known existing ferns amonnfs to between seven 
aiid eight hundred, of which about fifty species belong to Great 
Britain, and npward of tw'o hundred to the inter-tropical island of 
Jamaica. Nearly two hundred fossil species have been discovered 
in the British coal strata alone. The fossil genera most common 
to t]ie disti-ict around, Mid occurring in every section of the great 
valley of the Scottish lowlands, are cyclopteris, lieuropteris, pecop- 
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teris, and sphenopteiis The shales and clij ironstcnes m which 
these beautiful plants ire d'teottd arc fjCneially of i dirk brown- 
isli color while the impressions are iU of the deepe'it jet bringing 
out in live!} contiast the complete ca^t of the (londs. There is a 
great resemblance between the specimens of extinct ferns and the 
existing famihes of our Alices, now growing on every hiU, brae, or 
mountain corrie ; and, if tbis were all the difference, nature would 
seem to have departed but httle from her original models. But 
the presumpfioa is tfcat most, if not all, the ferns of the coal era 
were trees which attained to a great height, and similar to tlie 
tree-ferns now growing so abundantly in the islands of the Pacific. 
The decoriicated stems and trunks are deeply indented with scars, 
the markings, it ia supposed, of the fronds which dropped from 



Host.d./Gciogic 



108 TIF CApr I EHOig -YTBM 

their feather}' si!cs Tlii inf icnce i'^ bo: nc out by tlie additional 
circumstance, tliit tlie fc aila are generally mi ch. flattened and 
compressed, as ttouM nectss-udy happen to siic:,ulent plants and 
such trees aa consisted of the c llular tissue of the endogenous 
class. What a striking chant,e in the le^et tjon of our coimtiy, 
where purple heaths and chenrful aras&es and luxuriant corns, 
and forests of e'verytint and structure haye replaced the long 
green stenis, and dark sombpr hues ot the fi,m clad le^ons of the 
olden times ! The lemaina of this tnbe aie so numerous as to 
have stinted, out would buppo^e or utterly to liaie pievented the 
gTOwth and increase ot every other order of plants, hrmg^ng be- 
fore the imagination the scenes of our Australian colonies, so wild 
and -wondrous to European eyes — and carrying back the mind to 
tlie visioa of primeval ages, Uirough a long succession of times 
and their events, the vista of an infant world. 

Tiie lycopodia, or club-moss tribe, are also very wideiy dis- 
tributed among the coal-measures, and attained in the earlier iges 
of the earth's history an equally gigantic size with the tree ferns 
At the present day, they are all weak, prostrate plants of fiom 
two to three feet in length, aud, following the same hws as the 
mosses and ferns, they are moat abundant in hot, humid situitions 
within the tropics, and especially in the smaller islands As re 
spects their botanical affinities the lyeopodiums are intermediate 
between ferns ad fte 1 laid df-n dm 
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texture as to maiutain. the cliaracter of being, if reeds, easily 
shaken by tlie winds. Tliese, and various specimens of tke palm 
tribe, are to be found in every coal-field, aai often in such vast 
maisses as to show that they constituted no inconsiderable propor- 
tion of the flora of the period. Palms now only flouriah within 
the regions of the tropics, where, from their various properties, 
as well as great productiTenesa as fmit-bearers, they constitute 
The chief source of dependence to the inliabitants for all their sup- 
plies of the necessaries, luxuries, and medicines of iife. A single 
spathe of the date contains about 12,000 male flowers: another 
species has beea computed to have 207,000 in a spathe, or 600,- 

000 upon a single individiial. The apathe constitutes the raceme 

or flower-stem of the tree, and on a single raceme of a 8eje patoi, 
Humboldt estimated the fiowers at forty-four thousand, and the 
fruits at eight thousand. When these magnificent productions of 
nature covered the plains and mai-shes of our northern climes, 
there were no roaming tribes to gather their fruits, inhale their 
fragrance, or basic in their shades. And yet they were not 
formed in vain. Buried in the rocks, their collected remmns now 
yield a product as useful and valuable to tlie htiman family — as 
contributive to intellectual impTOvement, as they would have been 
to mere animal enjoyment. 

The genus sigillaria, one of the most common of the coal plants, 
possessed the singular properties of being appai'ently hollow in the 
center, yet with an inner woody axis floating in a woody succulent 
jelly, and inclosed in a thick otiter coating of bark. The trunk ia 
beautifully fluted with longitudinal parallel lines, regularly ar- 
ranged along the surface, and dotted all over with smajl scars, as 
if impressed by the leaves penetrating tlirough the bark into the 
central woody axis. The stigmariae, once supposed to be a dis- 
tinct genus, ai-e now generally regarded as sunply the roots of the 
sigillarise; they are, for the most part, found resting in their 
nattiral position, in large clusters often ; and forming with their 
dense matted fibers a floor of considerable thickness, on which, 
season after season, the leaves fell as tlie coaly matter accumu- 
lated. This tree grew to an enormous sine, specimens of foiir feet 
in diameter by fifty feet in length being frequently met with ; 
tj'aces of a vascular and fibrous sti-ucture can be obaen'cd in flie 
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stems— a]so the annular wood layers are sometimes beautifully 
defined ; and, combined witb a coating of bark of an inch in tiiick- 
ness, tlic probability is, that the sigillaiia belonged to the exo- 
genous clas3 of vegetables. 



But of all the plants found m the ( 
or pine tribe, distinguished by then punctated woody tissue ai-e 
the most intereatuiE; whether we consider then chiitw,ten6tic pro- 
perties, extensive distribution, antiquity, and consistency of habit 
through all the epochs and changes of creation. Unlike the tree- 
forms already noticed, the pines grow now as they grew before, 
inhabiting the same places, and preserving the same appearances 
in bulk and figure. In structure the conifers occupy a place in- 
termediate between cellurares and vascnlares, connected with the 
former through tlie lycopodiums, and with the latter by the 
myricete, or aromatic gale tribe. The scales of the cones are 
regarded by botanists as true folis^ or reduced leaves, and in 
this respect they approximate to the genus zamia, of the order 
cycadese, where these organs ai-e distinctly developed as carpellary 
leaves. Thus widely connected through the chain of vegetable 
life, the fossil pines, discovered in our coal-fields, form also (he 
most interesting link between the present and the remote past, 
showing similar condifions of vegetable existence and forest land- 
scape. Wo class of plants have been more useful to man than the 
whole pine family ; none are more universal in their distribution 
over the face of the globe; none are possessed of such powers of 
endurance, existing through aU tune, and natives of every part of 
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the world, from the perpetual snows of Arctjc America, to the 
hottest regions of tlie Indian Archipelago. These trees differ as 
remarkably in form as in size, ranging through every gradation 
from the stinted juniper of the Grampians to the stately cedars of 
Lehanon. And the fossil specimens, huge in dimensions as ttose 
of Craigleith are, do not excel the existing races. The araucaria, 
or Norfolk Island pine, attains a teight of two hundred feet ; and 
in the Oregon territory of Korth-West America, there are species 
of tie fir ti-ibe (P. Lambertiana and P. Douglasii), which rise 
to even still more gigantic proportions. Figuratively, it is said 
of the cedar, that its branches shall cover the earth, and in the 

shadow thereof all fowl of every wing shall dwell I literally and 

truly we find, that members of the same family have existed in 
all lands, and flourished in the mountains through all ages. 

Compared with the present condition of things. New Zealand 
bears the most striking resemblance in the character of its vege- 
tation to the flora of the ancient carboniferous age. "The num- 
ber of species of plants at present known is 632, of which 314 are 
dicotyledonous, and the rest, or 318, are monocotyledonous and 
cellular. The number of monocotyledonous is very small in com- 
parison with the cellular ; there are 76 species. The grasses have 
given way to ferns, for the ferns and fern-like plants are the most 
numerous in New Zealand, and cover immense districts. They 
replace the fframinea or grasses of other countries, and give a 
character to all the open land of the hills and plains. Some of 
the arborescent species grow to thirty feet and more in ieight, 
and the variety and elegance of their forms, from the minutest 
species to the giants of their kind, are most remarkable."* 

These few types of the flora of the ancient world clearly indi- 
cate the course and progress of creation. A dense vegetable 
covering already existed over all the earth. No grasses, indeed, 
as yet are found to have clothed the plains. But marsh plants 
grew lusuriantiy in the waters. Pucoids and alg£e abounded in 
the seas. The hills and mountains raised high in air their pines, 
palms, and fern-trees ; nor would creepers and parasites he want- 
ing, climbing to their topmost branches and mingling their bright 
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enlivening hues witt the dark somber shades of the forest. Earth 
heard the voice of its Maker, and everything good and seasonable 
sprang from its teeming bosom. 

The carboniferoTia limestones are everywhere loaded with 
AHiUAi. remiuns. Every member of the series, the ironstones, 
sandstones, shales, and even the coal itself, all aboimd in rehcs 
of the past ; and, as was to be expected, the fossUa chiefly belong 
to marine forms of hfe. And in these there is no great depart- 
ure, as might likewise be inferred, from the orders, and even 
generic types, we have been surveying in the lower formations. 
But there is an increase in the species of some of fhem, as well 
as the introduction of new and distinct creations altogetlier, 

Thua the corals and enorinites remain with scarcely a change 

in outward form, but of increasing variety, and in countless 
myiiads. The trilobites are nearly extinct, whUe the annelidte, 
which appear not in the devonian system, reiiim to the st^e in 
greater numbera and diversity of structure. The conchiferte are 
likewise enlarged in every order; as also the (.rustacea; which 
are more than quadrupled, PteropodK piescnf four geneia m 
the Silurian group, decline to one in the detoman whn,h genus la 
not found in the cai-boniferous, but a new one takes ita place 
The brachiopodse are again very abundant as the} were in the 
two former groups. The most characterisfi shells of the oider 
and period are the productus, spirifer, teiehratuli One genus 



l.Piv)duct.scabi:Jculus; 2. InoceramuRvetustus; 3 BelleropHon tingentiaha 

of heteropoda, the bellerophon, appeared in the silunan rooks, of 
which tliere were eleven species Eight species occur in the 
devonian system along with a new j,enu8 poicdlii The belli 
rophon numbers nineteen species m the cirbonifeiousiocks ind 
the poroellia, which occurs also, contMns thiee 
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The cephalapods, the most predaceoxis of their kind, lose gene- 
rioally, -ffhiie they multiply prodi^ously in species during the 
latter epoch. Thus the goniatitea a]one amount to fifty-four, the 
nautili to forty-two, and tbe orthoeeratites, which had declined to 
iwehe in the devonian swell to thirty two specie? in the caiboni 
fe OTIS senes 

But the fishes m this group of locks exh fait unquestionably 
tl largest amount both in numbei and foi-m of new types 
Heie the sharks and saur ids apf ear for the first tame not imall 
tl ittcnuiled in bulk but vigorous lobust specimens f their 
land stron,; and cxpeit swimmers irmed with en]ars;ed desf tul. 
t^e oi^ana and e^ery wiy equpjed for mamtiimno the due 
J jorton of nunbere and the free trade of Uie <wf ail Thus 
ol the Old r of p]xctl(i<! there aie twenty eit,ht geneia and 
n letY four species of ^ano d tlieie aie five genera and twelve 
«pe 1 and sauro ds tnumeiate thuteen geneii "uid twenty 
foui d stinct and entirely i ew specific cieations A specimen of 
r ptiiian hto his here also been detected and what is of stdl 
f;ic fei theoretic importance m tri in^ the couise ol creation 
the immediately oveilymg sandstones have yielded up impies 
u ns of the winged ti les that fly in the (pen firmament of 
heaien This mteieitmg fact will m. its propci place in the 
iider of supt-rposition be m^re tully alluded to 

The genus holoptychma which began m the old red sandstone, 
a, am ocouie in the earbinifeiou'! system undei eight new specific 
forms. Alon„ with the megahchthys afterwaid noticed, these 
c nstitute the two great natuial families of fishes of carnivorous 
]iopensitaes which gneamiirked charactu to the penod. The 
podigious increase of the shark like creatures of which not less 
than tixtj species have been descnbed from thousands of teeth, 
£ is detached vertebrffi and othei fraaments is equally striking, 
fhua m all thp faunce ft the carbomfLrous p riol amount to 
upwaid it I th usmd spei-iea iihich have been either figured or 
descnbed 

In t mtemplat ng the ptriod of creation undei review, we are 
struck net more with the fonns of hfe which actually existed, 
than with the absence of lacea which weieafteinard so abundant. 



Host.d./Gciogic 



114 THE CAEnONtFEKOUB SYSTEM. 

Ko quadruped or true terrestrial animal is found so low in the 
series of rocks, or mixed up in amy way witt all tliis profusion of 
marine exuviie. Fossil insects ajid indications of other winged 
tribes have been detected ; hut no hone nor foot-piint of beast, or 
inhabitant of land, has anywhere been discoYered. The fact 
is ail-importaiit, as showing not only a plan, hut a progress and 
succession in the work of creation. A vegetation, so rank and 
luxuriant as has been traced, trees towering hundreds of feet into 
the sky, and branches of the densest fohage stretching on every 
side, was amply fitted to afford shelter and food to families of 
terrestrial creatures of every kind. But in the circumstance, 
that during this period tliere were repeated alternations of marine 
and fresh water deposits, and consequently repeated Bubmergenee 
and elevation of land, we see a reason why the terrestrial races 
were not yet called into being. Great continents, comparatively 
speaking, did not exist; and there was no ark of safety provided 
to float them over the billows. Race after race would have 
violently perished during every shift oi subsidence of the sea 
bottom : and hence until the carboniferous aeries was completed 
and a statical equihbrium e tablished between the land and waters, 
few or none of the races which ifterwird 'iwdimed in our plains 
and forests weie mtroduced upon the scent 
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CHATTER VIII. 

GEOGRAPHICAL DISTRIBUTION OF GOAL— GREAT COAL HELD 
OF PENNSYLVANIA, VIRGINIA AND OHIO— GOAL DEPOSITS 
OP IlilNOIS, INDIANA AND KENTUCKY — ECONOMIC HIS- 
TORY— CONDITIONS OF FORMATION. 



CoNSiDEHED mineralogically, and now demonstrated beyond a 
doubt, coal and the diamond are found to be one and the same in 
substance, and nearly also in their modes of formation. Newton 
detected the properties of the diamond in its refractive power 
over the rays of light, and inferred that, like amber, it was an 
nnctiioiis body crystallized. In the crucible he reduced it to a 
state of pure carbon, burning, volatilizing, and resulting in the 
same elementary products ae charcoal. Liebig goes a step far- 
ther, and declares the diamond to be a crystalline residuum from 
decayed vegetables. The action of fire could not produce the 
mineral, but would rather have the effect of drawing out its in- 
flammable tendencies. "Science," he adds, "can point to no 
process capable of accounting for the origin and formation of dia- 
monds, except that of decay. And there is the greatest reason 
for believing that they have been formed in a hquid. " Sir 
David Brewster, in his beautiful optical analysis, has arrived at 
the same general conclusions. 

Coal is also a product of vegetable decay, collected and formed 
in a liquid. It has not crystallized, and therefore wants the 
sparkle and the luster of the diamond. It retiuns all the carbon, and 
more of the hydrogen, and is in consequence infinitely more use- 
ful and valuable than even the precious gem. It is carefully 
incased and preserved among the rocks of the earth, and thereby 
in like manner akin to the glittering idol, whose true habitat has 
(115) 
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been found to be the sandstones* immediately oreriying the car- 
boniferous formation. Tliits far the parallel can be traced 
between tlie two apparently very dissimilar and unequally prized 
minerals : in extent of substance and geographical distribution, 
the history of each stands apart. 

I. The Gbooraphical Disibibution of the Coal Mbtals. — 
Our knowledge on this subject is mcreasing with every new geo- 
graphical detail connected with tlie history of the earth. Until 
very recently the carboniferous system was supposed to be of very 
limited extent. The return of every vessel, engaged in a voyage 
of discovery or otherwiee, brings tidings of some new island or 
continent on which it is found. The same tribes of plants and 
animals are everywhere observed to accompany the deposit — all 
presenting the aajne generic and often the same specific charac- 
ters — and uniformly on tlie same great scale of development. 
This circumstance alone bespeaks a universal formation, when 
every region was capable of producing all the requisite conditions 
in climate, vegetables, coraUines, and sea-bottom, and prepares 
tlie mind for the ready admission of the existence of the mineral 
in every unexplored ijuari«r of the globe. Accordingly, all the 
great continents of the old world abound in coal. In Russia, tiie 
carboniferous system occupies, betwixt the Dnieper and the Don, 
an area of about eleven thousand square miles. India, China, 
and the Australian archipelago give up yearly more and more of 
the bituminous substance. Egypt is not destitute of the jetty min- 
eral ; for recently beds several feet thickhave been discovered near 
Asuan, on tlie right bank of the Nile. The vast continent of 
America has it in proportion to its own vastness. And man, go 
where he wUl with the knowledge of the arts, and the diffusive 
blessings of religion and civilization, will always find that a wise 

* The diamonds fonnd in the TTi'al chain are supposed to be connected 
with tJie carhonaceous grits of the devonian and carboniferous periods, 
whicli Iifl,ya been tcanscouted into metamoi'phic micaceous rooks, and con- 
tain the diamonds between the flakes of luiea, jnst as garnets oocht in 
mloa-schist, Oaptain Franklin discovered diamonds in Bundelkund, im- 
bedded in sandstone, with coal beneaOi, and supposed to Ijeloug to Uie true 
cai'boniferoiis system. 
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Providence Jias anticipated his ivants, and prepared the treasure 

The coal formation in Scotlaad has been already traced as oo- 
eupying tlie great central valley of the Lowlands, which separates 
the primitiye crystalline and feldspathic rocks of the north fi-om the 
Silurian series of the southern border, and traTOrsing the main- 
land from sea to sea. The middle and northern coal basins of 
England have an STerage uninterrupted stretch of about two 
hundred miles in length, by forty in bveadUi. The Bristol and 
Welsh coal-fields, are also very extensive. That of South Wales 
forms an immense double trough, comprised within a great ofaJ 
elongated tract, betwizt St. Bride's Bay, and Pontypool, with an 

anticlinal asia ranging east and west, and embracing an area Of 

one thousand ajid fifty-flve square miles. This is the largest coal- 
field in Britdn, in whicii there are sixty-four seams of coal, of all 
qualities, from the highest bituminous to the purest anthracite, 
and having an aggregate tliickness of one hundred and ninety- 
feet. In Ireland the coal basins are comparatively small, and iso- 
lated from one another : the principal workable seams are in the 
counties of Kilkenny, Tipperary, Cork, Tyrone, and the noithera 
extremity of Roscommon. 

The coal metals immediately present themselves on the French 
coast at Boulogne, more inland at Mons, and in the central dis- 
trict at St. Etieirae, betwixt the valleys of the Loire and Ehone. 
This last basin is of small extent, but possesses great geological 
interest from its position among the primary and metamorphic 
rooks, and the materials of which the series is composed. The 
metals are inclosed in a long nan'ow trough, of about twenty-five 
miles by less than a mile at its greatest breadth. Granite, gneiss, 
mica-slate, underlie them throughout: instead of shales, and 
sandstones of the usual kind, tire eoals are imbedded in micaeeous 
grit, aud the detrital alluvia of the crystalline rocks. It has been 
described as a self contmned repository, with its own furnishings 
and equipments all, as it were, self-originating : the vegetable 
matter is of native growth, the trees are still vertical, and in 
one part of the field present the appearance of a suddenly 
petrified forest; the iron, too, is native, and seems to have 
been actually smelted on the spot, by subterranean self-corn? 
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busiion. The coal, imderlying one of the bands of ironstone, has 
undergone fusion, and been changed into coke ; while snlphur 
and crystals of sulphate of lime have been separatod in the crucible 
by the process of sublimation, as if to complete this scene of marvels. 
In the low countries, at ITamur and liege, and other places 
along the banks of the Meuse — in Germany, Silesia, Moravia, 
Poland, the Carpathian Mountains — on the banks of the Volga, 
the Dnieper, and the Don, tiie coal -measures are found to occupy 
tracts of greater or lesser extent. These are sometimes accom- 
panied with the usual altornaling series entire and iinbroken, 
sometimes with the absence of one or more members. In Russia 
the metals are imbedded in the middle mountain limestone series 

in one field, while in anotlier district they are situated in the lower 

part of the series, or beneath the calcareous deposit, aa in the 
thin beds of Fifeshire. The Liege coal-basin is of a remarkably 
complex structure — the metals lying in small hollows of con- 
torted strata, which are bent and twisted like a sapling — ele- 
vated into every varying position and degree of inclmation — and 
thus, by obtaining cross or horiaontal sections, you pass repeated- 
ly over the edges of the same beds. An enterpiising Scotchmaa 
has long been lessee of one of these coal-fields, put of whose iron 
bands he has molded cannon and ball for every nation in Europe ; 
and whose locomotives, forged from the same strata, now ply in 
pleasure excursions along every railway of the Netherlands and 
vine-clad banks of the Rhine and Moselle. 

The American coal-fields, like its interminable forests, endless 
rivers, and everything in that vast continent, are all on the gigan- 
tic scale. The basin of the Mississippi, extending from the Eocky 
Mountains to the Alleghanies, forms an area equal to two-thirds 
of the states of Europe, almost every part of which is covered 
with the carboniferous limestone, supporting the coal metals and 
the newer palfeoaoic roeka. The great coal-field of Pennsylvania, 
Virginia, and Ohio, extends, according to Sir Charles Lyell, con- 
tinuously from noi-th-east to south-west for a distance of 207 
miles, its breadth being in some places J80 miles. The basin of 
Illinois, Indiana, and Kentucky, is not much inferior in dimensions 
to the whole of England, while another coal deposit, 170 by 100 
fliiles, lies farther to the north, between lakes Michigan and Huron. 
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Mt, Logaa, ia his report on. the geology of Canada, states that the 
coal-measures occupy nearly tlie whole of Sew Brunswick, a 
great part of Nova Scotia, Cape Breton island, and the south-west 
district of Newfoundland. And in the most remote northern re- 
gions, along the shores of the frozen sea, and the various rivers 
and their trihutaries which fall into it, the carhoniferons rocks 
with tiieir inclosed beds of coal, some of considerable thickness, 
are found to prevml. A single seam, of an. average thickness of 
ten feet, occurs in Pennsylvania, in the district of Pittsburgh, oov- 
ering a superficial extent of about 14,000 square miles; which 
shows how inexhaustible the resources, and how limitless the 
means, of social advancement, of progress in the arts and sciences, 
garnered up for the generations to come in that mighty continent. 
Upon the authority of Sir Charles Lyell we leaiii, that all the 
floral fossil phenomena are substantially the same as in Europe — 
a great preponderance of sfigmariES, ferns, lepidodendra, and 
calamites — some consisting of trees in an erect position, and of 
broken trunks, with their rootlets attached, and extending in all 
directions; and tlie same gi-its or sandstones, are found, as those 
used for building near Edinburgh and Newcastle. Of forty- 
eight species of fossil plants or t d ft, ted in the strata of 
Nova Scotia, thirty-seven are id nti al with th se discovered in 
the British beds ; and, in the tJmted Stat thirty-five out of 
iifty-three species are described p fi aOy the same with the 
European fossils. But the most m k bl t &ir Charles's dis- 
coveries is that, in the prodigious thickness and smgular structure 
of the coal-basin in Nova Seotia, there are the remains of more 
than ten forests which rose up successively one over the other, and 
which, with their interposed layers of clays and solid stone, depos- 
ited at intervals, constitute a scries of beds, whose vertical thick- 
iiess is 14,570 feet. 

II. The E H a C —It d n t pp f m 

any w 11 th nta ated d 1 wh tp p dmnaail 

cd hit If f tl u f 1 n 1 ti f fl p T f rt 

of dom t mt t Th ly 1 t y f n t t d 

ary ; b t th t d t m y m t n y f 

them, t th dis y f al — no phil ph p nlatmg 



Host.d./Gciogic 



T 20 THE EOOSOMIO IIISTOBt OF COAL, 

about ihe importance of the fact and its bearings on tlic progress 
of ciyilization — no poet extolling the genius of the new Prome- 
theus, that brought up the fiery combustible from tlie bowels of 
earth. The aborigines who dwelt amidst tJie primeTal forests had 
no occasion to seek farther for fuel, when every hill and pl^n sup- 
plied them with all that was needed, and more than was conve- 
nient, as the cultiyation of the soil engaged attention. Accident, 
doubtless, would first lead to lihe knowledge of the virtues of the 
hidden treasiire. Aa the ground was cleared, and cities became 
populous, and the arts advanced, more diligence would be exer- 
cised in its search ; and in proportion as it came, from flie destruc- 
tioa of the woods, to be regarded as a necessary or luxury of 
life, coal would be souglit for ae an article of barter, or of com- 
merce. Thus many ages might elapse before coal was introdiieed 
into general consumption, and though stored up specially for man, 
it was wisely ordered that the suppEes and incumbrances on the 
surface should first be exhausted or removed, ere the imier cham- 
bers of his habitation were broken into and explored. 

Bituminous matter, if not the carboniferous system itself, exists 
abundantly on the banks of the Euphrates, In the basin of the 
Kile coal has been recently detected. It occurs sparing-ly in some 
of the states of Greece: and Theophrastus, in his "History 
of Stones," refers to mineral coal (lilAanthva;) being found in 
Liguria, and in EUa, and used by the smiths; the stones are 
earthy, he adds, but kindle and bum like wood coals (the anihraa:). 
But by none of the oriental nations does it appear that the vast 
latent powers and virtues of the mineral were thns early discov- 
ered, so as to render it an object of commerce or of geolo^eal 
research. What the Eomaiis termed lapU ampeliles, is generally 
iinderetood to mean our cannel coal which they used not as fuel, 
but in making toys, bracelets, and otbei ornaments ; while their 
carbo, which Pliny describes as ' yehementer perlucet," was sim- 
ply the petroleum or naphtha, which issues so abundantly from 
all the tertiary deposits. Coal l found m Syria and the term 
frequently occurs in the sacred wntmg'' But theio v no rcfei 
ence anywhere in the inspired record as to digging or biimg for 
the mineral — no directions for its use — no instructions as to its 
constituting a portion of the promised tieasuict. of the land In 
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tlieir bumt-offerings, wood appears unifomily to have been em- 
ployed ; in Leviticus, tlie term is used as synonymous with fire, 
wliere it is said that "the priests shall lay the parts in order upon 
the wood, that is, on the lire which is upon the altar." And in 
the same manner for all domestic purposes, wood and charcoal 
were invariably made use of. Doubtless the ancient Hebrews 
would be acquainted witb natwal coal, as in the mountains of 
Lebanon, whither they continuaOy resorted for their timber, 
seams of coal near Beirout were seen to protrude through the 
superincumbent sti-ata in various directions. Still there are no 
traces of pits or excavations into the rock to show that they duly 
appreciated the extent and uses of the article. Their term Snj, 
which properly sigTiifies cJiarcoal, appears to have passed into the 
northern languages, as in the Islandic j'foi / the Danish i)?oe,- the 
Welsh fflo, a coal, golen to give light ; the Irish o-gual ; and the 
Cornish la^an — terms all expressive of the act of burning or of 
giving light. 

For many reasons it would seem that, among modem nations, 
the primitive Britons were the first to avail themselves of the valu- 
able combustible. The word by which it is designated is not of 
Saxon, but of British extraction, and is stOl employed to this, day 
by the Irish, in. their form of o-gual, and in that of Icdmi by the 
Cornisb, lu Torkshire stone hammers and hatchets have been 
found in old mines, showing that the early Britons worked coals 
before the invasion of the Komans. Manchester,* which has 
risen upon the very ashes of the mineral, and grown to all its 
wealth and greatness under the influence of its heat and light, 
next cl^ms the merit of the discovery. Portions of coal have 
been found under or imbedded in the sand of a Roman way, 
excavated some years ago for the construction of a house, and 
which, at the time, were ingeniously conjectured by the local anti- 
quaries to have been collected for the use of the garrison, station- 
ed on the route of these warlike invaders at Mancenion, or the 
Place of Tents. Certain it is, that fragments of coal are being 
constantly, in the disti'ict, washed out and brought down by the 
Mcdlook and other streams, which break from the mountains 

* Westminsfer Review, Ho. LSXIX 
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tlii'Oiigli the coal strata. The attention of the inhahitants would, 
in this way, be the more early aad readily attracted by the glisten- 



Kevertlieless, for long after, coal was but little valwed or appre- 
ciated, turf and wood being the common articles of consumption 
tkroaghout the country. About the middle of the ninth centniy, 
a grant of land was made by the Abbey of Peterborough, under 
the restriction of certmn payments in kind to the monastery, 
among which are specified sisty carts of wood, and as showing 
their compai-ative worth, only twelve carts of pit-coal. Toward 
the end of the thirteenth century, Newcastle is said to have tj-a.ded 
in the article, and by a charter of Henry III, of date 1284, a 

license is granted to the borgeaees to dig for the mineial. About 

this period, coals, for the first time, began to be imported into 
London, but ivere made use of only by smiths, brewers, dyers, 
and other artisans, when, in consequence of the smoke being re- 
garded as very injurious to the public health. Parliament petitioned 
the Ifing, Edward I, to prohibit the burning of coal, on the ground 
of being an intolerable nuisance. A proclamation was granted, 
conformable to the prayer of tlie petition ; and the most severe m- 
quidtorial measwi-es were adopted to restrict or altogether abolish 
the use of tlie combustible, bj fine, imprisonment, and destruc- 
tion of the furnaces and worksbops ! They were again brought 
into common use in the time of Charles I, and have continued to 
increase steadily with the extension of the arts and manufactui'es, 
and the advancing tide of population, until now, in tlie metropolis 
and suburbs, coals aie annually consumed to the amount of about 
three millions of tons. The use of coal in Scotland seems to be 
connected with the rise of the monasteries, institutions which were 
admirably suited to the times, the conservators of learning, and 
pioneers of art and industry all over Europe, and in whose most 
rigorous exactions evidences can always be ti'aced of a judicious 
and enlightened concern for the general improvement of the coun- 
try. Under the regime of monastic rule at DunfermUne, coals 
were worked in tlie year 1291 — at Dysart, and other places along 
the coast, about half a century later — and, generally, in the four- 
teenth and fifteenth centuries the inhabitants wei-e assessed in 
coals to the churches and chapels, which, after the Refoimation, 
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have still continued to be paid in many parishes. Boethius records 
that, in his time, the inhabitants of Fife and the Lothians dug " a 
black stone," which, when kindled, gave out a heat sufficient to 

How long will the coal-metals of the British isles last at the 
present, or even an increased expenditure of the fuel ? So great 
has been the discrepancy, and so little understood tks data on 
which to form a calculation, that the awthorities variously esti- 
mate from two hundred to two thousand years. For home con- 
sumption the present rate is about iHiBTr-iwo MILLIONS of tons 
annually. The export is about six millions : and yet such is the 
enormous mass of this combustible inclosed in one field alone, that 
no boundary can he fixed, even the most remote, for its exhaus- 
tion. The coal trade of Great Britain is nearly in the proportion 
of three to two of that of aJl the other nations of the world ; 
while in superficial area her coal measures are to those of the 
tlnited States only as 11,859 square miles to 133,132 square 
miles. What a vision of tlie future is hereby disclosed ! If rightly 
employed, if the arts and progressive development of society at 
all keep pa«e with the means provided, the human i-ace in the 
Hew World have a desliny to run, and a work of civilization to 
accomplish, fo which the Old, in its brightest achievements, can 
fui-nish but a faint analogy. Scarcely two centuries have elapsed 
since coal was employed as an article of domestic use, or intro- 
duced upon the most limited scale into the manufactures ; its now 
ascertained extent and boundless latent powers were not dreamt 
of or imagined even but half a century ago ; and very recently 
the lamentation was general, that no coal-measures existed in the 
mighty continent of America. "Who now can fancy a limit to the 
social movement with which that vast hemisphere is heaving all 
over — the advancing tide of its population spreading in every re- 
gion—the forests cleared and covei-ed with a net-work of railways, 
the rivers bridged from end to end with a navy of steazuships-— 
and all vivified and in motion through tlie agency of this long un- 
discovered product of the earth ? Geological time rolled on, and 
the surface of our planet was replenished with the hidden treasure, 
and the man of science has no numbers to reckon tiic years that 
ai'e past. More agreeable far to look through the vista of coining 
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events, wliere a moral era has commenced out of wHch a mig'ht.ier 
series of phenomena will emerge, the purposes of a wise Provi- 
dence be illuistratied in so transmuting and preserving the entombed 
relics of distant ages, and the glories of the latter day arise, when 
the desert place sliall teem with a new life, and the Trildemess give 
praise to the Creator of all. 

Ill, IJiiiversal, and shall we add, synchronous as a formation, 
there is a very interesting question connected with this subject, 
namely, is coal now formino ? The general opinion among 
geologists leans to the affirmative side of the question, and that 
here, as in all the other cosmical arrangements going forward on 
the earth's surface, time is the grami requisite. The necessary 
agencies are all at wort, the other conditions are all admitted, and 
in the course of some future unfold ages a new bituminous pro- 
duct will arise, similar ia all respecte to the old. The subject and 
the conclusions arrived at are not, however, free of many and 
great difBcnlties, to some of which we shall merely advert. 

Reverting to all the circumstances connected with the geogra- 
phical distribution of the coal metals, we are inclined to think that 
the era which produced them was not only peculiar in the wide 
geographical distribution of its families of plants, but equally, if 
not more so in its limitation of all those physical conditions which 
were necessiry for their conversion into coal. The basins, it will 
be observed m which the vegetable matter was deposited, were, 
as compaied with the existing ocean, smaU and shallow; for most 
of the plants and trees grew within their area or their immediate 
neighboihood and ate still fonnd in their erect position, itniajnred 
by roughing or tiansport in their smallest veinlets and even minute 
fructifications. 

Then it is highly probable, that the great continents were not 
yet formed, but that a series of islands, barrier reefs, and inland 
aeas, prevailed generally over the earth's surface, being still chiefly 
oceanic. Consequentiy no great rivers could, in such circum- 
stances, be in existence, rolling down Uke the Ganges, Nile, and 
Mississippi more stony detritus and mud than arborescent matter, 
and all to be mixed and confounded in one indiscriminate mass. 
Atmospheric influences, too, must have been widely different from 
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wliat they now arc ; for all the cast-off apparel of a summer's 
luxuiiaHce is, we see year after year, speedily dissipated hy the 
droiighfs, or absorbed baok as kum.us into the earth, and when 
spring returns the ground is parched and bare. A difference of 
fcmperature must also be taken into the list of modifying causes ; 
for the plants, during the coal era, ai-e nearly of a class — a few 
great types with Uttle rariety of structure — one and the same in 
every region— and approaching the characters, most of them, of 
the existing tropical flora. The climate, according to Mr. Bunbury, 
was characterized by excessiye moisture, by a mild and steady 
tiimperatui-e, and the entire absence of frost; and it has been 
established by Mr. Darwin's interesting observations on Cliiloe and 
other islands of tlie eouthera temperate zone, that extreme heat is 
not necessary to tlie existence of a very luxuriant and quasi-tropical 
vegetation. Mr. Austen, on the other hand, thinks that the tem- 
perature of Great Britsun has not laiich changed since the coal 
period, because few of the fossil-ferns, found in the coal-measures, 
present any fructification, while those in more southern latitudes 
possess it ; and, by experiments made by himself, it appears that 
tlie existing ferns of tropical climates would not fructify at a low 
temperature. Still, the great general fact remains unquestioned, 
that tree-ferns during the carboniferous age grew gigantically and 
in vast forests, where tbey do not grow at present over all the 
zones of the earth ; and where now growing, in three out of the 
four zones, that the whole fajniiy are reduced to the size of small 
herbaceous plants. 

Now, is it not a legitimate inference f m 11 th tl t t f 
so many concurring circumstances, not f h h md 

all respects now, a determinate effect i ht mi t b p 
duced, and which cannot, in the altered d t f th b 

produced again? The argument is cum It d b rs th 

strongest presumpiJTe evidence on its d Th b f 
series cannot be repeated — not for want f t bl 1 

matter, for there is a hundred times mo f b h t p t 
tlie surface of the earth than perhaps e isted m y f 

period — but because there are so many w u, w p 

tion, so many changes in the relative pt t f d 1 d t 

modify its distribution and qualities, and to influence its place in 
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the system geueraUy, that the same coEservative arrangement 
and chemical apphancea cannot occur, uor any similar bituminous 
compoimd as a geological formation issue from Nature's labora- 
tory. 

Leonard Homer, in eniimerating the difficulties coimected with 
the formation of the coal deposit upon the tlieory of the whole of 
the matter, vegetable and earthy, being spread over the sea- 
bottom, says — " That the terrestrial vegetable matter, from which 
coal has heen formed, has in very many instaaces been deposited 
in the sea, is unquestionable, from their alternations with lime- 
stones cont^ning marine remains. Such deposits and alternations 
in an estuary at the mouth of a great river are conceivable ; but 
whether such enormous beds of Umestone, with ilie corals and 
molluscs which they contaia, could be formed m an estuary, may 
admit of douht. But it is not so easy to conceive the very distinct 
separation of tlie coal and the stony matter, if formed of drifted 
materials brought into the bay by a river. It has been said that 
the vegetable matter is brought down at intervals, in freshets, in 
masses united fogetlier, like the rafts in the Mississippi. But 
there could not be masses of matted vegetable matter of uniform 
thickness, 14,000 scjuare miles in extent, like the Brownsville bed 
on the Monojygahela and Ohio (tlie Pittsburgh seam) : and freshets 
bring down gravel, and sand, and mud, as well as plants and 
trees. Thev must occur several times a year in every river ; but 
many years must have elapsed during the gradual deposit of the 
sandstones and shales that separate the seams of coal. Humboldt 
tells us ("Cosmos," p. 296), — That in the forest lands of the 
temperate zone, the carbon contained in tlie trees on a given sur- 
face would not, on an average of a hundred yeai^, foi-m a layer 
over that surface more than seven lines in thickness. If this he a 
well-ascertmned fact, what an enormous accumulation of vegeta- 
ble matter must be required to form a coal-seam of even moderate 
dimensions ! It is extremely improbable that the vegetable mat- 
ter brought down by rivers could fall to the bottom of the sea in 
clear unmixed layers ; it would form a confused mass with stones, 
sand, and mud. Again, how difficult to conceive, how extremely 
improbable in such circumstances, is the preservation of delicate 
plants, spread out with the most perfect arrangement of their 
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parts, uninjured by the rude action of rapid streams and currents, 
carrying gravel and sand, and brandies and trunks of trees?" 

For, according to Mr. Homer, are tbe objections to tlie lacus- 
trine theory, reijuiring so many oscillations of land and water, of 
less magnitude. "In the theory," he says, "which accounts for 
the formation of beds of coal, by supposing that they are tbe re- 
mains of trees and other plants that grew on the spot where tiie 
coal now exisls, that the land was submerged to admit of the 
covering of sandstones or shale being deposited, and again ele- 
vated, so that the sandstone or shaJe migbt become the subsoil of 
a new growth, to be again submerged, and this process repeated 
as oft«n as there are seams of coal in the series — these are de- 
mands on onr assent of a most starfling kind. The materials of 
each of these seams, bowever thin (and there are some not an inch, 
thick, lying upon and covered by great depths of sandstones and 
sbales), must, according to this theory, have grown on land, and 
the covering of each must have been deposited under water. — 
There must thus have been an equal number of successive wpwai'd 
and downward movements, and these so gentie, such soft heav- 
ings, as not to break the continuity, or disturb the parallelism of 
horizontal lines spread over hundreds of square miles ; and the 
movements must, moreover, have been so nicely adjusted, that 
they should always be downward when a layer of vegetable mat- 
ter was to be covered up ; and, in the upward movements, the 
motion must always have ceased so soon as tlie last layers of sand 
or shale had reached the surface, to be immediately covered by 
the fresh vegetable growth ; for otherwise we should have found 
evidence, in the series of successive deposits, of some being fur- 
rowed, broken up, or covered with pebbles or other detrital mat- 
ter of land, long exposed to the waves breaking on a shore, and 
to meteoric agencies. These condifiona, which seem to be in- 
separable from tbe tbeory in question, it woiild be difficult to find 
anything analogous to in any other case of changes in the relative 
level of sea and land with which we are acquainted." 

While these statements show that we are still but imperfectly 
acquainted with all tbe conditions and circumstances under which 
coal was formed, two deductions may be made from them, not 
only as gainst the rival theories themselves, of Murcbison and 
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Lyell, but still more strongly against the applicatiun of either 
theory to existing causes in the formation of the true bitummoas 
product. In the first place, the vegetable maftPi btought down 
by the rivers, and spread over the bottom oi the sea, dues not 
amouat to an infinitesimal traction of what constitutes the enor- 
mous compound of tlie caibomfeious age , and a different effect, 
according to the laws of nature of which we liave expenence, will 
necessarily result fiom fte causes now m operation Secondly, 
whatever, as a question of tatt it may h«e been ■nitli nn coai- 
basins in the times gone by certain it is that now theie are no 
such oscillatory movements causing the lequired changes m the 
relative level of sea and land m tlicie quaiteis of the ^lobe the 
most densely covered with lorests ind jun^^le and out of which 
the new coal-meaauies are expected to rise The thm accumula- 
tions of woody rCEi \uum observed by 'lir Chailei Lyell m the 
sections exposed iloiig tho banks of nvers riilways and other 
passages through Ameiicui prime" and forests are all unfavor- 
ably circumstanced — liija as tLe everlasting hills on tlieir rocky 
foundations. 

We may be reminded of the numberless ages requii'ed for the 
production of coal, that man's experience is but of yesterday, and 
himself an ephemeral of a moment as compared with the revolu- 
tions of time recorded on the fabric of the globe. This record, 
we bave reason to tbint, should be vastly abridged. But grant 
it, for the sake of argument, in all its indefinite dimensions, and 
still the answer is, that a moment in a question of this Mud is just 
as instructive as the lapse of a million of years. Time, while it 
"witnesses change, does not create or of itself produce anything. It 
is rather a passive than an active agent. Time marks on its 
horoscope the effects of existing causes, but the causes themselves 
it neither fashions or eliminates. Geologists enter into minute cal- 
culations as to the annual decay of vegetables, and the transport- 
ing powers of wafer, the waste of forests and tJie uptearing of 
hurricanes. Grant them all to be correct, and the data in these re- 
spects to be unchallengeably sound, we again beg tliem to consider 
that the Mississippi bears on its bosom fie earthy spoils of half a 
continent — ^that the Ganges mixes in its fabled flood the varied 
wreck of all the Himalaya, — and when all am duly borne oa- 
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ward by tliese and the mighty rivers elsewhei-e on the g-Iobe, that 
the arrangement of the mingled composite has yet to be effected — 
tlie clays, sands, coals, conglomerates, all in their serial superpo- 
sition — the separation of (he clean from the unclean — and where 
is the agency thus to dispose and to proportion? The deep says, 
it is not in me. The rivers show it is not in them. Are there 
laiy coamieal affinities in the things themselves to cause each to 
p.a/sh, kind to kind, to take their reapeeiive places? 

When Tve are told, that we know not what is going on m the 
depths of ocean, and other hollow places of the earth, our answer 
is two-foid. For first we reply, there were depths and hollows, 
lakes, estuaries, and aeas, during all the itilerviediate succeeding 
epochs to the present age, and no true coal was produced : accu- 
mulation after aoeumulation of detrital alluvia foDowed, lapidified, 
and was distiibuted over extensive areas, and common to every 
region of tlie globe ; but the real bituminous treasure has not been 
uniformly an accompaniment. A sei,oad answer is that when 
and where vegetable matter, in any quantity did accumulate the 
residt of the process waa not coal The lignites of the tertiary 
dcposils, and many of the oolites have been subjected to the first 
and second stages only in those chanjies nhn,h plants nndeig^o in 
their transition into tlie bituminous combust ble Natuie in these 
instances, if we may use the expression has made the eftort but 
the same results have not followed the procesi is inuomplcfe 
and the product ia only in patches It we aie reminded of the 
great oolitic deposit of Richmond in Virgmia le examined ind 
pronounced to be so by Sr 0. Lyell "iome may still say non ion 
tent, that the problem is not yet soiled is to the hue position of 
the coal thei-e. Many anomahe m geognostie ariangemenfs 
occur in that vast continent : manj of the intermediate senes up 
to the chalk are absent altogether and the 'sandstones disciimmat 
ing the new from the old red, aie not fully det«rmmed lagnite 
in considerable qiiantity, exists among tlie tertiary deposits of the 
Alps, and has recently been foitnd m the north west ] rovinces ot 
India, in the vicinity of Kahbag but all paitaking of tlie usual 
iiuahties — wood, only partiaUy alteied by nnhumition andimjer 
fectly adapted for domestic purposes 

One overwhelming consideration i ilh u^ i tl e lis u^si n of 
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tiiia question, is the position which man occupies, and the part he 
now plays on the theater of creation. Tlie beasts and qnadru- 
peds of the earth do not appear to have been formed so early as 
the cai-boniferous epoch. Had they existed at the period it is 
impossihle to say what effects would have resulted from their 
graminivorous propensities in modifying the amount of the vege- 
table exuviie. But man has appeared, modifjang, changing, con- 
trolling everything — the earth and all its stores under his domin- 
ion — and all submissive to his will. He has little influence, indeed, 
over the more solid departments or structure of the globe — tlie 
form of its continents — ^the direction of its oceanic currents— tlie 
rise of islands and depreEsion o£ land — the movements of the 
earthquake, and fiery torrents of the volcano ; but over all its living 
products, especially its vegetable and terrestrial animal tribes, his 
influence is immense — iacreasingly incalculable. And, the geolo- 
gist saya, had this new denizen left the earth to iteelf, and nature 
to her own arrangements — were there no filling, drmning, and reap- 
ing — were the jungle and the wilderness to be still uaiuvaded — 
tlie marsh and the lagoon to welter in. their dreary desolation — 
a vast coal deposit would be preparing in all the great laltes and 
seas of the globe. These postulates and conditions, however, can 
no longer be granted. Every day aad every season they are all 
curtailed and limited ui their influences. Man cuts down the 
forest, and applies it in its green, woody state to his own use. — 
The waste is reclaimed. The desert be makes his habitation; a 
plaJ3e of beauty and civihzation. The moral triumphs over the 
material, the spiritual over the earthy, and his charter-right is to 
subdue all things to himself. Thus the geologist cannot, if he 
would, forget or overlook the remarkable human epoch in which 
Lis own lot has been cast. As regards the future, there is a new 
element to which a due place must be assigned in his speculations ; 
and all the great revolutions, and after-phases of our globe, he 
must hencefoi-th read and interpret in the anvEAMin destiny of his 
own race. 

Finally, let it be assumed, in the argument for the geologists, 
that vast masses of vegetable matter are already stored up and 
duly arranged over the sea-bottom, that more is continually 
acoumulating, and that there is heat enough under the eartli's 
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CHAPTER IX. 



GEOIOSICAL STEircrrRE OF FIFESHIRE—DIVISIOFS 01^ THE 
COAL-FIELD. 



TiiB genera) remarks on the coal deposit in which we have 
been led. to iildiilg;e in ike two list ohaptera may be verified by, 
as they all receive tte most ample illuitrations from, the rwjmira- 
ble arrangement, position, and distrihutRn of the metals in tie 
counties of Fife, Clackmannan fetnLng Lanaik, and Renfrew, 
which are extensions of one great basin. Fifeshire alone contwns 
an epitome of the system, divided as it is into numerous compart- 
ments, the encrinital limestone cropping out and marking their 
several boundaries. Indeed, the whole series of the carboniferous 
rocks are here laid open for examinaljon on every hill-eide, in the 
numerous ravines which intersect the district, and along the eastern 
and southern coast-hues. Approaching the coal-field from the 
north, a panoramic section at once fills the eye, and will rivet the 
attention, as, stepping from the strata of the antecedent epoch, 
you find, in immediate superposition as well as contrast of color, 
the multiplied and more diversified reliquise of the coal-measures. 

The eruptive rocks will also be here studied to great advantage, 
where they have played no insignificant part in giviaig shape and 
outline to the landscape, and in laying open the inclosed minerals. 
It is impossible to convey any adequate idea, in mere description, 
of the marvelous display of phitonic action of which this 
peninsula has once been the theater ; subterranean movements 
crushing and grinding into fragments the solid strata, parting and 
heaving them asunder, or cmmpling into complicated folds tie 
tougher and more unyielding beds, as if it had been some fabric 
of manufacture tossed and twisted by the wind. The bituminous 
breccia at Pettyeua', Ehe, Balcarras Den, and which appears again 
(133) 
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attheHoclt and Spindle near St Andrew; affoids a lemaikable 
instance of the action of tJie intrusne njoks in brealiint, and 
transmuting into a composite pasti- tlie senea of beds constituting 
f]ie coal-measures, in which every one of the strati has its repre 
scntative in fragments, from the "oze of a gaiden ppi to masses % 
foot in diameter or even upward. The storm lifts the ocean mto 
lofty culling billows, leaving long nairow troughs and frightful 
yawning chasms beneath. Here in like mannei and all ovfi the 
surface, the crust has been broken up ind flie mineials to'sed 
about, or agitated like wreck upon the wii ea and upon 'iub'Jid 
ing, have been cast into the ftrm of ndges or broad tlbular 
masses. The ridges, with their seirited outctops m the intenor 
of the county, have been gradually lounded oft and coveied mth 
soil ; while, by the shore, they still present the effects of the vio- 
lent commotions to which they have been subjected, exposed ajid 
laid bare by the action of the sea, upon the lower levels of the 
disrupted strata. The Ochils, Lammermuirs, and Pentlanda, 
were already above the waters, calmly contemplating the troubled 
scene, as an inner circle of basalt and greenstone hills arose — 
the Lomonds, Largo Law, the Binn, and Eicnarty, on the north ; 
Stirling rock, Corstoifhine bill, Arthur's Seat, Berwick Law, and 
the Bass, on the south — which were severally lifted into view, to 
be stationed as so many spntinels in the outpasts of the field. 

The coal metals sbaied m the geneial ele\ ation of the hills, 
where they an- eithfi foldtd lound their bi ea oi are depending, 
drapery wise from their top'' ThuiS the members of the inferior 
carbomferou'. senes are raised about eleven hundred feet along 
the Lomond ridge encompa smg the east and west cones, and 
training westward by Bmnarty and the Ckish hills. Largo and 
Kellie Liws have each then coal basins of workable minerals, 
stretched along then emmences and dipping toward the Teassea 
and Ceres basins. On the low grounds which skirt them on the 
south, the metals dip rapidly into the Forth, and are collected in 
various hollows or independent bands by the shore. The inter- 
mediate coal-fields, which occupy the center of the basin, are 
rogulated in their strike and inclination by the dykes and out- 
bursts of trap by which the strata have been invaded. A lime- 
stone traverses the county at right angles from north to south, 
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emerging at Eaveuscrag, which foiins a line of demarlation 
betwixt the number of the coal seams on its opposite sides. 
The LochgeDie, Cowdenbeath, and Dunfermline basins, on the 
west, average about twelve to fourteen workable coal-hands, while 
on the east of the limestone, the Dysart, Wemysa, Teasses, and 
Ceres basins run from twenty to thirty-three of various quality 
and thickness. Tlie Clackmannan ooai-field recovers in numerical 
proportion, where there ai'e twecty-foar seams of coal, from two 
inches to nine feet thick, and two great slips, which raise the 
metals successively 700 and 1230 feet, as they abut against the 
Ochil range In the Elgin basin there ire twenty-seven beds of 
coal, w th a tb ckne s of tifty i f et 

Fifesh e thus owes t di e s fied shaj e Bud contour, and 
access to ill ts vist m nertd trea ret, to the arly disturbances 
by wh h t has been so tl o ou 1 ly d sloe ted and furrowed. 
Every di tnct has i s ct o sej <irate a 1 ndependent, of its own. 
The ground jou tiead on is, every foot of it, a cabinet of won- 
ders — literally a necropolis, a city of the dead. Gx) where you 
will, chronicles of the olden time are before and around you, 
while everywhere — ■ 

" _ — ^ — _ —and at youf side 

Rifiea a moimtaiii-cock in rugged piide. 

And in that rook are shapes of shells, and forms 

Of creatures in old worlds. " 

The cuttings of the Edinburgh and Perth Railway give excel- 
lent sections of tlie various minerals of the county, from the gray 
sandstone to the iippeiinost coverings of the coal-field. Entering 
Fifeshire from the west, your course lies deep among the detritus 
of the vaiious members of the old red series already noticed. At 
the Wewhurgh Station, and under the cliffs of Oatchart, the gray 
sandstone and comstone may be observed — the latter is regularly 
stratified ; the foimer is embraced among the igneous rocks, 
broken, isolated, and inclined at every possible degree to the 
horizon. Clatehart Crag itself has been stirred to its foundations ; 
the huge mass, reverberating now to the passage of other fires, 
rests on highly inclined beds of the gray sandstone ; the black 
trajisverse dyke of basalt, a few hundi«d yards oa the west, may 
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be conjectured to have been the instrument of iipheaYal, as in 
fanuy we can still discern in tlie half-raised, half-suspended, 
position of the rock, the enormous pressure required for its 
elevation. 

The Lomonds and Cults hills are conspicuous objects in the 
landscape. The line travei-ses for miles the yellow sandstone 
and overlaying grits which form their ba&e. Greenstone aad 
augidc trap in both ranges cap the summits, bursting through 
the coal metals, and elevating the various beds of limestone. 
The encrinital liraeBttine sweeps round the peaks of the Lomouds, 
filling up the intermediate plateau, in some places baie of herb- 
age or any covering of soil, and the fossils are lying exposed on 
the surface fi-esh as when washed by the waves, about eleven 
hundred feet above their ancient sea-bottom. A vein of galena 
occurs on the south side of the hill, intersecting the limestaae at 
rigtt angles to the plain of stratification, aiid is described m the 
notices of the period of its discovery as rich in silver ore. But it 
has no great claim, we believe, to be regarded as argentiferous. 
Two similar veins traverse the county, one already notice in 
Dura Den, and the other in the parist of Inverkeitbing, situated 
among the same series of rocks, and having the same general 
line of bearing from nearly north-east by south-west. The lead 
ore in all of tlicm is partly massive, and partly in regular hexa- 
hedral crystals. Lead, copper, cobalt, and silver aie likewise 
found in the Ochil range, but in no great quantities, in the cul- 
minating heights betwixt Dollar, Benclengli, and Dalmyat. 

On approaoliing the river Levcn at Markinoh, the out-crop of 
the central coal-basin comes to the surface. After crossing the 
■viaduct the line lies deep among the metals — a repetition of faults, 
upheavals, and depressions, where in succession the edges of the 
same beds are several times passed over. The dip is various, 
the strike generally to the south-east, and under the sea at 
Dysari the metals are wrought at the depth of several hundred 

The igneous rocks along the coast will not f^l to call forth 
surprise and admiration, unrivaled as they probably are in the 
number of alternations with the deposits of the carboniferous 
series, and all the interesting phenomena which accompany their 
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intrusion. Uo doscription, indeed, can do justice to flie interlao- 
ings and altematiotis presented of tlie two dasses of roelts, so 
different in their origin, as those of the traps and coal-measures ; 
where, through the agency of the former, the latter series are 
bent, twisted, re-united, altered, and lying at every angle betwixt 
the horizontal and perpendicular. Hearing Eirkaldy the coal is 
split lip, and the fused matter injected between the layers, coa- 
Tertjng them into cinder. Within the distance of a mile, from 
Seaforth to Kinghom, there are from forty to fifty alternations 
of the igneous and sedimentary rocte ; and a^ain, on the ivest, 
toward Pittycur, there is a recirrrence of as many, with eKampIes 
of the jointed columnar basalt reposing on sandstones rendered 
quartaoae, or conyerted into chert, and on shales baited into brick. 
The outbui-st at the Burntisland terminus, in three parallel ridges, 
throws up the strata, inclining them toward the north, whence 
trending round the town they dip under the Bum-hill. Orrock- 
hill, lying immediately to the north-east of Bina-hill, furnishes a 
beautiful example of jointed basalt: the entjre rock, three hun- 
dred feet high, and nearly a mile long, by half-a-mile in breadth, 
is composed of regularly constructed columns, which divide into 
concretsoaary masses from one to three feet in length, and pre- 
senting generally the pentagonal or hesagonal form. The columns 
are grouped into distinct clusters, which, inclining at vaiious 
angles, impart to the expired face of the rock a pleasing pictur- 
esque effect. Tlie erosive actaon of water, or swell of the ocean 
tide, is all that is required here to shape another Staffa — " that 
wondrous dome " — out of these magnificent materials. 

A fresh-water, or rather perhaps an estuary, limestone is an ob- 
ject of considerable geological interest in tliis locality, mixed up 
and altered in many places by the igneous matter. The best sec- 
tions occur a little back from Pittycur harbor, and on the western 
slope of Binn-hill, where it is extensively quarried. Scales of 
fishes and other ichthyolites are very abundant ; also innumerable 
microscopic shells, belonging to the order of entomostraca and the 
genus cypris. Several species of palieonisuca have been found in 
good preservation, namely, P. ariolatis, P. omatissimus, and P. 
Robisoni. The Pygopteria Jamesoni and specimens of the Eury- 
notus and Crenatis have Ukewise been detected in the deposit. 
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Vegetable remains are very plentiful, especially of tlie fern tribe 
and the lycopodiiims ; tlie impressions of the sptenopteris, of 
which there are several species, are extremely mimerous, fresh, 
and beautiful. This limestone is of a dull, earthy aspect, acquired 
obviously from the bituminous matter diffused ttrough the mass ; 
not crystalhne, though very compact in texture, and possessed of 
great haadne^. Wardie beach, on the opposite shore, displays a 
bed having many points of resemblance, which abounds in nodu- 
lar masses, inclosing coprolites and fishes ; and inland, the cele- 
brated Burdiehouse limestone is an extension of the Pifeshire 
deposit. 

ThuB varied and importaat is this small peninsula, a speck on 
tl)e face of the globe, and affordmg so mueli mom for speculation 
and detail. Inclosed between the estuaries of the Tay and Forth 
are to be found some of the most legible and remarkable chroni- 
cles of our planet's history. Fifeshire has been stirred and up- 
heaved all over, abounding in all the life-moving and plutonic 
energies of the carboniferous age. The vegetable and animal 
liingdoms supply a vast proportion of' the materials of the sedi- 
mentary rocks, wliile the fires of the interior have mainly con- 
tributed to the production of the rest. Shall we look across the 
wafers, and replace them, in imagination, by the fonnei- continuity 
of land, when the center of the coal-basin was raised above them, 
and their numerous islets were high and dry upon the surface ? 
Certain it is, that the erupted matter so abundantly scattered along 
the shores and piled up in such masses landward, would leave 
room for subsidence, while the outgoing of the deposits on both 
sides shows such an affinity in qualitv and strike as to demonstrate 
an ancient unioi ind i; 1 i, 1 to 
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CHAPTER X. 

THE CARBONIFEROUS ROOKS — CoNnmjEi). 



TaH geolo^ of the nortliem division of Scotland is, almost in 
every particular in the series of rocka that hare been described, 
the counterpart of the aouthera, wliich now falls to be noticed. 
The fossils so richly imbedded in the former are here repeated, 
more sparingly in some, more abundantly in other families, and, 
in several inslaiuces, in the introduction of entirely new forms of 
organic life. Along the west and south border counties, the 
granitei, with their associated cijstalline group, are sparingly de- 
veloped, stretching, at intervab, from the island of Arran through 
Galloway and Kirkcudbright into Dumfries -shire. The siluriana 
follow in their order of superposition, occupying an extensive area 
from sea to sea across the island. The devonian system, chiefly 
in the upper and middle beds, wraps round the base of the older 
formation, and rests unconformably on its highly-inclined strata. 
The carboniferous deposits are widely distributed, some in isola- 
fod basins, and enveloped by the old red, and pregnant all of 
them witii the fossils of the period. The ignigenous rocks, the 
traps and porphyries, are also veiy abundant, some in the form 
of detached cones, some in extensive ranges, and all demonsti-a- 
tive of their ohai-acter as the agents that have lifted up, disrupted, 
and twisted the strata of the district. 

In passing over this section of our course, it will not be neces- 
sai-y, therefore, to dwell in any minute or lengthened descriptions. 

I. The geological student, in commencing his researches at 

Edinburgh, is immediately arrested by the more prominent objects 

that everywhere rise into view — the Castle Eock — ^the Calton 

Hill — Salisbury Crag — Arthur's Seat — and the Pentlands. A 

C138) 
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wondrous, glorious scene, every one involuntarily exclaims, upon 
reaching fuiy of these heiglits, thio'wa, as if by the hand of an 
enchanter, in and around this lovely city. Geology here has its 
favorite residence — the birth-place and cradle of the Huttoman 
TiiEOET — Arthur's seat there to attest its truth. What a history 
of bygone times recorded in these two words ! What a revolu- 
tioa produced in the sentdments of mankind as to the science of 
world-maiing ! And, still more, how deeply were men's minds 
agitated, and the foundations of religious truth stirred, by the 
novel views which were then announced I The assumption lying 
at the foundation of the rival, or Wemerian theory, is, that the 
materials of which the various strata of the gloha consist were 
originally dissolved or Buspended in water ; they were thus in & 
condition to assume any form which their physical qualities and 
the laws of matter might determine ; and, accordingly, in this 
fluid menstruum they were consolidated into various combinations, 
partly by means of crystallization, and partly by mechanical de- 
position. The Huttonian theory, on the other hand, employs the 
force of subterraneous fire as its principal machinery, which is 
placed at immense depths, and the materials on which it operates 
are under a vast pressure ; and, consequently, while they are in- 
durated into limestone, sandstone, and coal, along with their 
inchided fossib, their essential qualities are but very slightly 
affected, and the arrangement and disposition of their particles 
but little disturbed. Tlie hills around, by whicli this theory was 
to be tested, and to whose singular sti-uctuie it owed its origin, 
consist of an alternating series of tabular masses of trap and the 
sedimentaiy deposits, basalt forming generally the central nucleus, 
with tufa, greenstone, and sandstone variously disposed and folded 
over. All the conditions of upheaval, tortion, angularity, indu- 
ration, fracture, and dislocatJon, are amply fumislied ; the colum- 
nar, jointed structure is well defined in Samson's Ribs ; the very 
momentum of pressure, forcing the sandstone into the perpendicu- 
lar, may be studied as a nice dynamica! problem on the Castle 
rock ; and when Sir James Hall brought from his crucible a re- 
constructed whinstone, regularly jointed and with no trace of 
vitreous fusion, the demonstration of the theory was felt and ac- 
knowledged, in its leading features, to be complete. 
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Palseontology has added its living ■wonders to the mere liftolo- 
gical speculations whicli were then ia vogue and engrossed all 
atteatJon, And goologiste cau now afford to smile at the misinter- 
pretations, made by both parlies, of established faofs and well- 
ascertained things — nay, at tlie eagerness with, which they 
in-elevantly pressed facts to bend to their conflicting views — ^fhe 
vehemence with which the Wemerian declared whinstone to con- 
tain organisms, and to be no exception to the law of mechacicaJ 
deposition ; while the Huttonian as dehberately set himself to 
prove fiat the nodules in chalk could only he the product of fli-e — 
the formalion itself, as now determined, being m.erely a concre- 
tion of shells of the most perfect sti'ueture and undiminished 
luster. Tiiith, like light, emerges slowly, feeble in its dawnings 
whea objects are obscurely seen or readily mistaken, a portion 
of the view half in shade, and half ia brightness. And thus it 
Las happened with both systems, as in the progress of the science 
errors have been detected and deficiencies supplied, pecuUav to 
each. The acrimony of the contest, too, has passed away. The- 
ology has been disentangled, and declared by the diviue to be in 
no way Eiffecied by the issue. And while the scurrilities of the 
indiscreet abettors of both are utterly forgotten, the deductions of 
Hutton and the magteriy expositions of his illustrator are in the 
main adopted as the basis of the only true system of geology. 

II. In the general sti-ucture of the environs of the Scottish 
metropolis this plutonic machinery is deeply impressed, as it has 
been, most vigorously exerted. Thei-e is everywhere the greatest 
derangement existing among the sedimentary deposits, everything 
is tossed out of its original place, and divided into small sections 
and detached groups. The connectioia and relative positions are 
very difBcult to trace. Stiil, amidst all the disorder, the more 
general bearings of the different formations may be ascertained. 
Mr. Charles Maolaren, indeed, has examined everything with a 
pains-taking care, and described them with a minuteness and 
fidelity of detail, which cannot be surpassed, as they need scarcely 
be repeated. His " Geology of Fife and tlie Lothians," will be 
in eveiy student's hands who desires to be acquainted with the 
stmoture of the district, conversant more especially as this learned 
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geologist is with tJie position, fragments, and medal-stamp of 
eveiy rock — their relations to each other, historical value, and 
bearings in the science — and illwsti'ated ivilJi such diversity of 
section and diagram, that we feel as we accompany him, — 
" Paiiditur interea domua Omnipntentis." 

The general coatotir of the city, so pictures que and remai'kable 
in, its grouping of streets, may he taken as a pretty safe guide in 
determining the nature of the geology. The town is built over 
two parallel lidges, which completely expose the character of the 
inferior minerals. The uorthem division rests upon a series of 
beds, which appear immediately to underlie the true workable 
coal seanis ; the Old Town ridge and Castle rock bear iip the 
lower members of the carboniferous deposit, while along the ex- 
tended plateau on the south the yellow sandstone of the old red 
has been brought to the surface. The whole would thus seem to 
occupy the upraised floor of the great coal basin of Mid Lothian, 
dislocated aud separated by the igneous matter of Arthur's Seat 
and the Calton, whence the metals all plunge to the eastward. — 
The flat, extending from Restalrig toward Granton aud Craigleith, 
consists of the same series of beds as those upon which the New 
Town stands, and which have been elevated by the dykes and 
bosses of trap tliat so frequently intersect the strata. 

The range of the yellow deposit, supposed to belong to the old 
red, is well defined ; it commences on the northern slope and face 
of Salisbury Crags, and covers nearly the whole eastern side, de- 
pending to the Hunter's Bog. The same series of beds, readily 
distinguished by their reddish hue, train round by Samson's Bibs, 
thence proceeding by St. John's Hill, Heriot's Hospital, Burnta- 
field Linlis, they bear toward the New Cemetery on the estate of 
Grange. The beds here, exposed in several quarries, consist of 
an alternating series of marls, concretionary limestone, and sand- 
stone, similar in all tlieir lilhological characters to the deposits of 
Dura Den and Grlenvale. Not a fragment, indeed, of scale or 
organism has yet, so far as we know, been detected in the locality 
now defined, so as unequivocally to determine the position of the 
group in question. But is not the absence of the fossil test as 
fatal to its connection with the carboniferous series ? while, eon^ 
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aidering its remote geograpliioal distance from, tlie xmdisputed do- 
main of the new red, and its proximity to a suiTownding belt of 
the tiue Silurian, flanlted with the old red, the presumption is that 
tlie deposit will yet be classed with the upper or yellow sandstone 
division of the devonian family. StiU we merely indicate an 
unpresiuning judgment, leaving it to so much gifted local research 
to confirm or disprove the correctness of the proposed classifi- 
eation. 

III. The Mid Lothian coal-basin, so riei in minerals, forms 
part of the great carboniferous valley of Scotland, and may bo 
considered as simply an extension of the coal-field of Fifeshire, 
the metals dipping on both sides toward the middle of th& Frith. 
The Ollt-crop rises towaa'd tbe Lammermnira and (he Pentlands. — 
The aj'ea occupied by the cotd-measnres includes a space of about 
eighteen miles in length, by twelve in breadth. The series of 
beds composing the foi-mafion, are neai-lylive thousand feet thick, 
or about a mile in depth from the upper to tlie lower strata, and 
the whole fractured and dislocated in every part of the field. 
There are fifty-two slips, indeed, enumerated by the miners, 
which occasion a depression toward the north to tlie extent of 
6,196 feet; the metals are agMn raised by a series of thirty-seven 
shps to the height of @,412 feet ; thereby causing a change of rel- 
ative level in the strata, corresponding to the altitude of the 
highest points In the Lammermuir range, namely, 2,757 feet. The 
disturbances above and below thus approximate to each other. 
Have fhey been directed and modified by the same agencies, the 
sUurian group rising higher and higher as the carboniferous sub- 
sided into the depressions occasioned by the evolution of the igne- 
ous mitter ' The Bass North BtrwiLk Liw and Aithur s Seat 
are the produi,tb of the change though mdeed the e si-attereS 
points of igneius lock on the suriace can gne no jdei o( its 
subterranean extent smce basdt ind gretnstone ire met with 
at unvarying depths m a gieat portion cf the coal district n 
question. 

The whole field is prolific in organic remains, But Bubdib- 
EODSK LiMBSTOHB claims a separate notice, not only from the 
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abimdajiee but the very r miikible pTroictetf ot tlie fossils eon 
tained in it, many of them met witli f^r the hist time in the pro 
gress of our sketches This ndt immedntely underhes the 
encrinital limestone beds of G-dmerton aad i*. about twcntj seven 
feet thick, of a dark din^y color ansing from so much bituminous 
matter mixed up with the cakarcous The v( 
very numerous, and in a stat« of beautiiul 
where, indeed, in the best anauged heibarium haiewe inytliuig 
so graceful, so minutely and skilltully delineated as aie the 
iigurea of these plants upon the -itonp Theie are seveial species 
of lycopodium ; also stigmaiia sigillaria eiju setum calamus and 
eyclopteria, in great abundance The fronds of the fossil '.phenop 
tens furnish exquisite tracings of nature >! penciling S"oi are tlie 
relics belonging to the animal kingdom less remarkable for their 
freshness and variety. Here are the extremes of org-anic life, 
mieroscopic shells innumerable, with the claws, eyes, slender 
feelers of their occupants, all entire ; and the gigantic Meffolidtlhys, 
■with a body sixty feet long, teeth of four to six inches still spark- 
ling with luster, and scales of corresponding magnitude brightly 
ennmeled. There are also the bones and plates of another Imge 
civature, the Gyia':nnihus, along with the jaws of sauroid fishes, 
measuring from a foot to a foot and half in length, thickly stud- 
ded with teeth. And tliere, too, lovely trout-like animals, the 
Talaonisous — with all the fins and organs and body fresh and 
(glistering, as if ready to leap to their prey, strewed in countless 
myriads around. Kor is the enumeration complete as to the kind 
and quality of the fossils of this curious deposit : there cqproliles 
mark the habits of the predaceous monsters of the period — fsecal 
excrements composed of the remains of their victims — and in some 
places so numerous as to outweigh tlie calcareous matrix in which 
tliey are imbedded. 

M. Agassiz, in his synoptaeal table of British fosdl fishes, 1843, 
gives the following list belonging to the Burdiebouae limestone. 
In the Order of Placoids, leMhyodondiles, there is a Ptychs 
thus sublsevis, Sphenacanthus serrulatus, and Gyracanthus formo- 
sus ; of Cestraciontta, Ctenoptycbius peetinatus and denticulatus, 
and Ctenodus Robertsoni : of Bybodontes, Cladodus acutus, par- 
TUB, and Hibbevtj, and Diplodus gibbosus, and minutus. In the 
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Order of Ganoids the following occur ; of Lepidoides, Paljeoniscus 
omatissimns, Robisoni, and striolatus, and Eur3Tiotua crenatua, 
and firabriatus ; of SauToi.de, Megaliclitbya Hibberti, Diplopteras 
Robertsoni, Pygopterus Buctlaadi aad Jamesoni ; of Cmlaeanthes, 
Holoptycbius Hibberti, sauroides, and striatiis, tlronemus lobatUiS, 
and a Phyllolepia tenuiasimus. Since this list was drawn up, 
many additional fossils ta^e been obtained from the same locality ; 
some of them estibit characters which will establish, in all pro- 
bability, new genera as well as species. The collection in the 
Edinburgh College Museum contains gigaiitio specimens in the 
highest condition of preserpation, exciting our wonder at the 
strange forms which peopled our ancient seas, and admiration of 
those singular processes by which they have been embalmed by 

the chemistry of nature, surviving so many chajiges and distur- 
bances in the history of our planet. 

The comparative history of the fishea enumerated, in relation to 
the systems of rocks through which they extend, is both interest- 
ing and curious. For example, the genus ptych acanthus begins 
in the devonian and ends in the carboniferous period, one species 
peculiar to each formation. PalEeoniscus begins in the carbonifer- 
ous, and continues through the pennian age, in five new apecific 
forms. The megaliclithys begins in the devonian and becomes 
extinct in the carboniferous types ; diploptems, holoptycbius, and 
phyllolepis have ea«h the same terms of existence ; and again the 
pygopterus begins in the carboniferous, and survives, in two new 
species, through the pennian era. Thus five genera are common 
to the devonian and carboniferous systems ; two to the carbonifer- 
ous and permian ; eight belong exclusively to and become extiuct 
in the carboniferous. These results clearly manifest an adapta- 
tion on the part of nature a* well as some aibittarj principle in 
tlie order of her creations and all sp ak to the fa,ct ot piowression 
in the course of event*, and of direct mt*rp sition in the fucces 
sive origin of organic existence L ok agan mto these rocks 
Consider the causes which so tilled them with these memoinla of 
warfare and deatli. Two finuli s only the least piedaoeou'. ot 
their kind, survived the ige ivbi h pr ducol them— one wide 
revolution covered with its spoils the suiface ot the eaith. — the 
wreck is closed over and silted beneath the waves — ind the car 
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,, teeming -witi* animal and vegetable life, forever 
passed away. 

Tte deposit, ao fi-uitful in these organisms, has, with, much pro- 
bability, been regarded as a fi-eah- water limestone, from the cir- 
cumstance that it contaias no corallines or marine shells. The 
plants, too, are all of a terrestrial or fluviatjle kind, and so per- 
fectly entire as to warrant tlie inference that they have not been 
tossed and drifted about in an ocean nor transported from a dis- 
tance, but have perished in, situ, and dropped amid still waters. 
It may have been au estuajy on the borders of an ancient sea, 
wliither the Megahchthys resembUng the crocodile family in btilk, 
and the Gjracanthi akin to the sharks in voracity, may have roam- 
ed in qnest of food, gamboled for pleasure amidst a luxuriance of 
tt ipical vegetation or indolently reposed by the umbrageous 
shades of slimy lagoons. How different the scene over which 
they maintained undisputed sway from all that is now in these 
ynts snbjei-t to mans dominion. Transpose the zones of the 
i: arth and thi-n onli could tliere be an approximation to the more 
dn''I^nt conditun of tlings. 



isin Form of Coal-fields. 1,1. Mountain Limcitoiie. 



IV. The Mid Lothi^tn coal-basin is bounded on the west and 
north-west by the Pentlands, the Braid, and Blackford Hills. The 
Uorstorphine HiUa stand out in bold rehef above the plain, and 
are i^emarkable of their kind ; they consist of a sandstone basis, 
capped by an enormous mass of greenstone, in which the groov- 
ings and polish of diluvial or glacial action have long been fami- 
liar to the geologist. The carboniferous beds occupy, at inteivals, 
the district toward Falkirk and Stirling, much broken and inter- 
sected by the igneous rocks. Stirling, lite Edinburgh, is greatly 
indebted to its physical features, the Abbey-Crag, the dome-shaped 
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and wooded rock of Cragforth, tke CasUe-Hill, and the Gillies 
Hill, overlooking and sharing in the gloiies of the plain of Ban- 
nockbunt. These all consist of greenstone or dolerite trap, rest- 
ing on sandstone, or often alternating ia nearly conformable beds 
with sandstone, ironstone, and hmestone. The Penflands stretch 
about sisleen miles in length by six in tJieir extreme breadth, the 
axis of the chain bearing almost due If. E. and 8. W. The eastern 
division presents the different varieties of feldspathic rocks — ia the 
center or middle group of hills the graywacke series are more 
developed — and on the west the old red sandstone and oarbonifer- 
ous deposits prevail. The axis of the ch^n in some of the higher 
points is capped with the sedimentary rocks, and along the entire 
range the phenomena of upheaval, dislocation, subsidence, and 
denudation all present themselves in turn, and in most insti-uctive 
forms. The Carlops aad Kaim- Valley coal-basin exhibits some 
remarkable appearances ; within a trough-shaped, narrow space, 
beds of feldspar, porphyry, greenstone, and conglomerate are 
mixed up with the coal metals, all less or more denuded, separa- 
ted by transverse openings, and irregularly broken off at their out- 
crop. Fossils, though apai-ingly, are found ia the graywacke, as 
trilobifes and orthoceratites. The Braid and Blackford Hills ai'e 
outliers of the Pentlands, and present the same varieties of rock 
and general litliological structure. 

Bapid and brief as the above sketch is, let the reader be assured 
there is much, very much, in the district to interest and instruct. 
Make the circuit of the Pentiands when he may, and he will not 
be satisfied until he tas penetrated every valley, scaled every 
height, and become, familiar as ]iouseh,old words with every name 
and calling through the length and breadth of their varied range. 
Hahbie'a How, a very pastoral in the sound, Carlops, Kaim-V al- 
ley, Mount-Maw, Deerhoperigg, DalmaJioy- Crags, the Mendick 
Hills, how dear- to every lover of nature in their sweet retreats 
and cool shady banks ! And Tiutock, rich in prophetic lore, to 
be understood must be ascended, the eye ranging over the whole 
central valley of Scotland, embracing both oceans in its field of 
vision, and numbering all over the lofty granite peaks of the 
Grampians. Besting-spots like these impart a delicious charm to 
the geologist amidst his wanderings. If pregnant witli the mate- 
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rials of dowTDtful reasonings, perplexing arrangements, and intri- 
cate eoTindings, the science has its sunny sides and cheerful fields 
of recreation. And if compelled to traverse regions of dangerous 
stepping, dark profound abysses, he is speedily again by tlie side 
ol apaiklm^ livers imong grassy holms and pastoral dales, redo- 
lent with the bracing airs of crag and mountain. 

!Noi are the moial influences of such speculations of a less 
1 eallhful and refieshing kind. Geology, which deals with the 
ij ks of time li yet the youngest of the sciences. One exclu- 
a lely of obser\afion aU its objects lie scattered around the daily 
pathways of men. And still, but as yesterday, has it been looked 
upon with a favorable eye, as a means of investigating and esta- 
blishing truth, and its truths themselves recognized as of good 
character and tendency. Herein, iintil very recently, the tree of 
knowledge was supposed to yield of its fniits of good and evil, 
most abundantly of the latter, and men long pertinaciously refused 
to partake of, or even to look at, the precious things that dropped 
from its numerous well-laden branches. Hume had attempted to 
demonstrate that there was no external world at all Eeifearches 
into the structuie of mmd metaphysics the domanof con mon 
sense" as distinguished from the abstractions of tl e deal ph lo 
sophy, engaged and confounded alike the learned d the un 
learned. Beneith in the stiata of the earth lay the e ds nd 
memorials, it was said of \ ost untold ages ind 11 1 runk fro 
Lin abyss on whose brink it w ii perilous to walk The mte or 
was literally regarded as unhallowed ground, from h e Pando a 
recesses, open who might, noUiing but evils could s ue at tter 
variance with every fixed and established principle 

"Hie specua hoiTendum et Sievi spiracula ditis." 

Religion and science thus stood in direct antagonism to each other, 
divorced by general consent from an unnatural alliance ■ and men 
m those days m the Scottish metropolis were gioupcd mto cote 
rie who eyed each other with a hitter jealousy Some more 
libetil mmd indeed a Blaii and a Btbeitson would pass occa 
tunally into tlie hostile timp but leturaed a^ain to hi^ own 
lanks to he leceived with no \ery cordial embrace or flattermg 
approval. 
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But now, Tvere one ot the ba^es ot scaicely half a century ago 
permitted to rise from, the dust, and lo take his place among the 
intellectuaJs of the piesent time, nothing would be more likely to 
excite his wonder than the tontroveisies, and their subjects, which 
figure in tieir works. Theory there is scarcely any among those 
who now give law in Modem Athens in letters and science. — 
Whether ia the regions of mental pliilosophy, the walks of physi- 
cal science, or the sacred precincts of religion, men's minds aie 
nearly at one as to the objects and distinctive province of each. 
They do not fear or dread the pursuits in which tliey are respec- 
tively engaged assurad that skepticism, or any desire to maintain 
it, has now neither party nor standing ; or come to what conclu- 
sion they ma.y tte Wisdom from above will in its own pure and 
elevated if^ion lemam scaftless agmnst any or all the boSis with 
which it may be as'.ailed. The everlasting hills are still there on 
their old foundations — the remaikable variety of structure, which, 
all around the city they so marvelously present, still speaks in 
impressn e language ot order and disruption, stability and change — 
and Tindemeith m the imperishable forms of buried generations, 
are the records of a history in which man has no part, and with 
which his destiny would seem m no wise concerned. But the 
language written thereon, and the leaves on which it is impressed, 
aie digested of the awful sibylhne mystery in which they were 
then involved The saint is scarpd not away by the frightful 
characters and dark meanings which the sage pretends he can 
trace m them. Uoi is the sage himselt startled at the alchemy of 
his own art, and the singular forms he can summon to his presence 
from his subterranean domains. 

A delightful repose all this from the fierce personal controver- 
sies of a few yeai-8 ago. Healthful truths are brought to light. 
On one and the same page, penetrate as deep as they may, all 
professions and their abettors join alike in admiration of the inef- 
faceable impress of the order, wisdom, and goodness everywhere 
to be traced in the structure of the globe. There is no longer the 
metaphysician vaioly attempting to resolve the whole concrete 
mass into the ideal ; or ridiculously striving to raise a structure of 
materialism, on the assumption that all our ideas, whatever we 
know and all we excogitate about, are derived through the medium 
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The retrioaa of infinite space are explored, and 
the devoliottal tendencies of the ago ha^e become the more de 
cided and intense in propoition as the mmtal vi ion his been 
enlarged. The mind seizes with a firmer ^lasp and idvances 
with a steadier pace over the fields of creation because there zs 
a Creator whose invisible Godhead is nnderatood fiom the things 
which are made. And now m search of truth one and the ame 
through all things, religion and science go hand in hand sincti 
Bed and enlightened by the union ind imparting the most salutary 
lessons from the physical ^nJ moral levelations of Him whtse 
path is in the deep places of the earth and who lor the display 
of his own glory lias become the Instnictoi and Redeemen of the 
world. 
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CHAPTER XI. 

THE LAMMEEMUIRS—THE BOEDER I^ND— GENERAL STBITO- 
TUHE OF SCOTLAND. 



The interest which attaches to tMs division of our sltetches of 
Scottish geology is in no degree impMred by the consideration 
that the rooks, all of them, belong to one or other of the systems 
which have already passed under review. A belt of undisputed 
Silurian deposit here meets us for the first time, flanked on all 
sides, and nearly throughout its lengtli, by the old red sandstone. 
Porphyritie hills, greenstone bosses and dykes, and the various 
phenomena of trap intrusion and dislocation, are again presented 
in many and very striking illustrative det^ls. " The border 
land," physically as well as morally, could aotwell be without 
its points of contention; and, accordingly, geologists have made 
"raide across the marches," and claimed as of Scottish origin 
an extensive dommn of the English new ked sandstone, or Per- 
mian system. Corncockle Moor, too, and the quarries near 
Dumfries, unfold as curious a page in the histoiy of the old 
world as does the Crigup Lynn, hewn out of the same family of 
rocks, of the stem warfare and fierce cohteodings which adorn, 
as they likewise disgrace, the annals of the seventeenth century. 

The OBNERAL STBUCTUEB of the distrfct, as now indicated, is 
determined in. the main by the Lammermuirs, a high mountain- 
range of sedimentary rocks, which formed the northern barrier 
of an extensive inland basin or sea, and of which the Solway 
and Tweed occupy the central stretch or depression. The old 
red sandstone was herein deposited, the strata of which rest 
unconformably upon the older rocks. The carboniferous beds 
succeeded, but at a period when the floor of the basin was ele- 
vated, and the dimensions contracted ; hence these beds, though 
(!50) 
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reposing conformably for the mo'.t pait on those of the old red 
and not separable on physicol grounds do not jccupy the same 
extent of surface. Creeks and bayf esisted aiound the silurian 
shores, into which the materials ut the sand&fone i^ere earned, 
and thus along the southern slope, trom St. Abb's Head to Port- 
patiick, the old red is traceable in every opening and indenta- 
tion, running up in long narrow tongues, or detached sti 
among the mountmns. The coal aeries appear at various inter- 
vals in small isolated basins, forming on the west the coal-field 
of WLitehaven, which dips into the Sol^ay, and on the east occu- 
pying from Kelso to Berwict, the vaOey of the Tweed, where the 
metals lie in very thin bands, and underneath the mountain lime- 
stone. Here are porphyries, which have disrupted and broken 
throug;h the old red sandstone, and therefore, corresponding in 
age to those of the Sidlaws, Ochils, and Pentlands ; and augite 
traps and greenstone, scattered over the coal-measures, which are 
■is i'learly the product of the movements that i'^sued in the eleva- 
(lon of Aithui s Seat and the Lomonds 

The Ijanimeimuin ha^e ^n evtent of nearly one hundred and 
hftj miles m length by in "i^eiage breadth of t^venty-five to 
thii (y mdes The axis of the chain i-uni from E N E to W. 8. W., 
Irtkfn at mtervals by nvers and their dneigent valleys, and 
ctustituting the gie\t fi jntn,r barriei if Scotland The Lowthere, 
Coi'.ton cone Queensberry and the high grounds along the 
iippei nght banli of the Nith form outheia oi extensions of the 
general mass Long legailed is fumi&huy a true type of 
O ayvMile roi.lt the Lammermuirs are now by geneiai consent, 
xdmitted mio the family of Silurians bearing afSmties both to 
the upper and Lowei series and paitaUmg htewise m some of the 
Llnracten'itics of the Cambiian gioup The eastern division of 
the chain consists of very thict beds of a eoaise brecciafed rook, 
rovered on the southern side by a fine grained clay slate. In 
Kirkcudbrightshire the slate band and conglomerate seen on 
the main land and at white Bay m Little Ross Island are very 
closely allied m then mineralugical characteis. And in the center 
division, about Innerleithen, the intruM.ve traps constitute a marked 
and interesting feature, more particnlarly as they there assume a 
aubcrystalline granite structure, and convert the sedimentary 
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deposits into haid flmtj sUtci, oi- Lydian stone. The organic 
lemama aie not abimd-vnt tkey are scattered, too, at wide inter- 
Tals but stiD sufficiently characteiistic of the formation. They 
coD'iiBt of graptohtes, encrmite?, trilobitea, and several genera of 
shells. The list of oouehifei*, m. some beds, is almost entirely 
Loirer Siliirian, while the smooth AsapH would seem to conaect 
this range of MUs with the lower Silurian rocks of Tyrone and 
Fermanagh, in Ireland, which have furnished the only other spe- 
cimens yet detected in Britwn'. The fossil localities are the lime 
quanies ofWra*, near Broughton, Greiston elate quarry, near 
Traquair, St. Mary's Isle, Kirkeudbrigkt, Loch Ryan, and Little 
Boss Island ; and in cei-tain graywaeke beds in Liddesdale, 

Mr. Nieol reoorda the discovery of "fragments of plants, not 

Tudike the broken reeds, and other imperfect vegetable lemains, 
seen on some carboniferous sandstones." The collection of Lord 
Selkirk, from the vicinity of his residence, consists according to 
Mr. Salter, of — Terehratvla sanimlcala, Zeplana sardnulata, Aifffpa 
relioidai'is, BeUerophon tiilobaiua, Ifatiea, Tarritdlce, Murchisorda, 
Aximda lineafs,, Ortkonata ci^^^ilata, Phtm/ps caudaiiid, 3eyriehia 
tuberoulata, and GraptolUes ludemis. These characteristic Upper 
Silurian fo^ils are accompanied by a Leplcena sericea, and Orlko- 
ceras teniiicinclwn of Portlock, and appear to he of the date of 
Wenlock shale. Their latest historian, indeed, ascribes a vast 
indefinite antiquity to the whole raJige, and considers that the 
depository matter has been twice reduced to a muddy arenaceous 
state : that a chain of hills existed in these parts at an age long 
ajiterior to the Lammermuirs, and that another stratified forma- 
tion has to be intercalated in this district, between the oldest 
existing strata and the parent i-ock, whence the sediment was 
derived. This opinion is founded chiefly on the circumstance, 
that in none of the beds have there ever been observed any frag- 
ments of granite, or the associated ciystalline gneiss and schists, 
while fragments of clay-slate and gi'aywaoke are not uncommon 
amongst the conglomerate or coarser vai'ielaes. But, admitting 
the tmth of the stetement, does it warrant the inference deduced? 
The clay-slates and graywacke of the Highlands are equally 
desfituf* of the inclosed granitoid portions so abundant in the 
superimposed conglomerates of the old red ; and, upon the suppo- 
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sitioH of an intensely biit wnequiiUy lieated sea-bottom, axiA 
partial o\\tbuTsts of iniiptive matter, these appearances in tlie 
Lammermuirs, where ceitain sfaata contain included fr^meats of 
siniilai' consolidated rock, receive an intelligible and less extrava- 
gant explanation. We more willingly accede to the conclusion 
of Mr. Nicol, tliat we have still here much of the original shape 
and contour of this ancient land ; that the rivers and yalleys ar^ 
all in their olden places, and that since the elevation of the group 
there has been no important change in their general character 
and physical outline. The Lammermuirs, too, connected as they 
ai'e with the great aihirian deposits of England, Wales, and Ire- 
land, lend confirmation to the theory, repeatedly adverted to, 
that these mountains, as well as those of the preceding epoch, 
formed the land on which grew part at least of the exuberant 
vegetation entombed in the coal formations of Gi-eat Britain. It 
may have been a peninsula projecting into a sea, whose waves 
washed the Qranipians on the north, covered all the midland and 
eastem districts of England on the south, and were bounded by 
tlie primary and silurian girdle of rocis on the west. Through 
these depths roamed the siiccessive races of holoptychius, palseo- 
niscus, gyracanthus, and megalichthys ; the shallows find bottom 
teemed with swarms of molluscs, trilobites, cephalaspes, pam- 
phracti; while the dense forests of ferns, palms, ajid pines, which 
clothed the shores and uplands, have been distiibuted among the 
various basins of the ooal-meaaures. 

Ascend the Eildons, or, as tlie route may be, Carterfel!, Hart- 
fell, or Crifiel, and witness the changes, as the different systems 
of roclts were drifted into their places, and rose above that ex- 
panse of waters. Criffel, the loftiest mountain on the west, is 
composed of granite, and formed a solitary islet there, or one of 
a series of islands, of the primary crystalline formation. The 
silurian chains, in tiieir respective positions, are next elevated to 
the surface. The old red sandstones collect and form along their 
bases, spreading over vast areas all around. These are lifted into 
day by the Eildons, and the numerous hills of claystone porphyry, 
which give such diversity of character through Liddesdale, Laud- 
erdale, Oheviotdale, and the whole border landscape. Carterfell, 
which consists of a dark greenstone trap, resting on a white or 
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light reddish sandstone, marks the upheaval of the 
strata, and probable retirement of tlie sea from these districts, 
where we find ao traces of any of the secondary or newer systems 
of rocks. Thus the line of the Scottish Border, from Annan to 
Roxburghshire, consists of tJie under series of the coal fonnatjon 
passing down the Tweed, by Kelso, Spronston, Coldstream, to 
. Berwick. The old red sandstone is largely developed by Chester, 
Hawick, Melrose, Greenlaw, Diinse ; and again, after an interrup- 
tion of trap and the coal-measures, it resumes its course by 
Chirnside, Foulden, aaid Momington, to the sea. Scales of the 
Holoptychius and Dendrodus are found in the strata at Preston- 
haugh, near Jedburgh, and likewise at the Knock Hill, in Ber- 
wickshire. On flie higher grounds, from the Eildons to Hartfell 
and Peebles, the graywacke and slate beds e?erywhere prevail, 
presenting at St. Abb's Head, Selkirk, and Ettrick Bridge, inter- 
esting specimens of crumpled and bent strata. Remarkable veins 
of trap and calc-spar are to be obsei-ved near St. Mary's Loch ; 
silver and oilier metallic ores are said to have been found in the 
neighboring hills : near Moffat, gypsum, pyritous graywacke, and 
alum slate, are very abundant — formations probably connected 
with tlie mineral waters of Moffat Well and Hartfell spa. At 
Glendinning, in the parish of Westerkirk, an antimony mine has 
been long wrought, which is about twenty inches wide, and once 
rich in the valuable mineral. A vein of galena or lead, lined 
with heavy -spar, crosses the Esk at Broomholm, below Langholm, 
and here the usual aeries of stales, limestone, sandstone, and thin 
bands of coal, are developed for miles, resting on the graywacke 
of Hermitage, Emton, and Witterhope Buxn hills. 

The valley of the Hitli, from the pass of Dalveen to Barjarg, 
incloses a space of nearly ten miles in length by four in breadth, 
filled with red sandstone and beds of limestone, and exhibits one 
of those original creeks or bays in the primary and silurian rocks 
which characterize this ancient belt. The lower basin, toward 
Dumfries and the Solway, presents the same series of extremely 
fine-grmned strata. The small isolated basin of red sandstone 
near Lochmaben, and which cont^ns the celebrated impressions 
of foot-marks in the beds at ComeockJe Moor, as well as the very 
limited patch of sandstone in the vale of the Annan near Moffat, 
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are probably referable to one and the same system with the above. 
And what is that system— the Devonian or Permian ? The posi- 
fiou of all these beds, and of others in Annandale, has long formed 
a fruitful subject of discussion with geologists and practical en- 
gineers, whether to regard them as an extension of the English 
new red, or to refer them to the predominant rock of the country. 
The latter view is borne out so far by the fact, that no borings, 
which have been both numerous and deep, have penetrated fo the 
coal metals. On Greenough's map, on the other hand, the fonner 
theory is adopted, where the coal-measures are represented as ex- 
fending urderneath from Canobie, through Annandale to Arkit 
Muir, and as again emerging at Arbigland near Criffel. It has 
likewise been argued, ttat the foot-impressions on tlie slabs near 
Dumfries and at Corncockle Moor, have no analogues anywhere 
in the true old red of Scotland, while they are abiindantly repre- 
sented by the foot-prints of the newer sandstones of England and 
America. But now indeed such proofe ai'e not wanting in America, 
that wide field of ah organic things ; the discovery has been made 
and assented to by tlie most competent authorities, that, in the 
old red sandstone of Pennsylvania, and 8,500 feet below the upper 
part of the coal formation, reptilian foot-priats are numerously and 
distinctly impressed, allied in form to the tread of the existing alli- 
gator. Then the larger orthocerje and other testocege, found so 
plentifully in the limestones of Closebum and Barjarg, also at Lin- 
hnm and Shielgreen, would seem to claim very clearly and 
decidedly for the deposit in the middle basin of Hiihsdale a De- 

We must refrain from entering upon the details of the extensive 
geological fields which have just been glanced at. A volume 
would not snfB.oe to exhaust the subject. But, rapid as our 
sketch has necessarily been, enough has been advanced fo show 
how intimately connected with the great fundamental principles of 
the science, and with the original configuration of our planet more 
especially, are all the deeply -interesting phenomena of the region 
in question. If at times the reader, as well as explorer, is apt to 
complain of the dryness of particulars, that the nomenclature is 
harsh and scholastic, how delightful to close, even in imagination, 
1 amid these lovely vaEeys, to be steeped in 
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fairy lore by St. Mary's Locli, to dream of legends and minstrelsy 
until morning dawn by Newark's Tower, Nith, Gala, Ettrict, 
Yarrow, Teviot, silvery Tweed 1 — who, indeed, will ever associate 
with the minerals, sections, and technicalities of geology. Still 
how refreshing to lie down, traveled and weaiy-wora, by their 
green pastures and pure waters. How beautifully do these rivers, 
all of them with an origin so remote, hold on in their pebbly 
courses — winding and gatiiering from so many rills amidst tfce 
pastoral uplands — " making sweet music with tJi' enameled 
stones" — and anon with all their affluents sweeping in placid 
majesty to the mmn. Hither will men. of all professions and pur- 
aiiits, — the spot-tsman, poet, philosopher, — eagerly and rejoicingly 
resort, each witli his owa object or bis own care. Finely, in 
Impeiisbable verse, lias the tnith been expressed of tliat many- 
colored IJde of human life on which all are embaiked— 



— ^but HOW tbese streams, dales, and hills retain no impress of 
strife or blood ; and hence will the wish, age after age, breathe 
from many a heart — 

" By Yan'ow'E stream still let me stray. 
Though none BhoiiM guide my feeble way; 
Still feel the breeze down Ettriek hjijak, 
Althongh it clun say withered cheek; 
Still lay my head by Teviot stone. 
Though tJieiTS forgotten and olone." 

And so human life will glide away, a new epotib will come, and 
the development of man's immortal being will be accomplished in 
the new and brighter earth that is to arise. 

We here close our review, over Scottish ground, of the earliest 
lessons to which we have access of the mineral structure of our 
globe. All tlie primary, palEeoaoio, and older class of the second- 
aiy rocks, are lai^ely developed, leading us, indeed, a very little 
■way into the inner chambers of the earth, but back through pe- 
riods of time into the records of its history, for which the science 
itself fiimishes no real standard of measurement. Vast, incon- 
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ceivable cycles pass before the imaginatioii, and fascinate the 
speculati&t, while the sober inquirer pauses, doubts — nay, startles — 
at such remote undefined annals of creation. The legends and 
chronicles of Scotland are old indeed ; but give geologists thdr 
owa way, and what an antiquity would they assign to the moun- 
tains, valleys, and rivers of ancient Caledon ! And yet, true it is, 
no rocts on the face of the earth can claim a deeper origin, an 
earlier arrangement, a more ancient ascent above the waters, than 
those whose nature and position we have so cursorily described. 
Leanng for the present the question as to Time, geology has 
this advantage, in. facilitating an acquaintance with its principles, 
that its lessons are as general as they are particular. Go where 
you will the record is before you, so that, generally spealdng, 
what is observed of its subject in one district or country, or even 
continent, has its connterpaxt in some other place near or remote. 
The rocks of Scotland are all on the great scale, not soUtary and 
individual specimens, but wide-spread formations along the face 
of the country. With scarcely a single exception, every class of 
rocks described in our course sti-etches from sea to sea over the 
island. The structure of Scotland is peculiar in this, that the 
bearing and the strike of the various strata, are correspondent 
and continuous. Hence the parallelism of the great stiaths and 
valleys. The principal rivers are observant of the same law. 
The several formations, from, the primary crystalline to the coal 
and upper sandstones, have a common axis of elevation from 
nearly E. H". E. to W. 8. W., partaking more of an equatorial than 
of a meridional direction. The porphyries and chains of the older 
traps maintMn a similar direction. The greenstones and basalts, 
polygonal and jointed, or otherwise, are for the most part to be 
found mlhin the area of the coal measures, or rising along the 
out-crop of the basins. Hence a description of any one locality 
will generally, in respect of the same series of rocks, be found 
applicable to another. The student may indifferently begin hia 
researches as his convenience or sojourn for the time may direct. 
And whether it be the granite on the coasts of Aberdeen or 
of Arran— the schists of Glenisla or the Mull of Cantire — the 
silmian of St. Abb's Head or Portpatrick — the devonian of 
Stonehaven or Girvan — the porphyries of Dundee or Largs — the 
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sJi-iles ind lune^tones of St Andrews Glasgow, or Ayr — the 
columnar bT: alts of Eailsfitry, Oirouk Cajiipsie, or Staffa — the 
lessoa tliiou^lijiit will be one ind llie same, either aa respects the 
mmeral texture or tlie geological po-iition of the rocks examined, 
A section, theiefoie comineaciiig at Ben JJevis and terminating 
at Kirkcudbiight on tlie Solway would present the very same 
senes m all the mim phenomena of superposition, structure, dis- 
location, and fossil remains, as the section adopted from Ben-Mao- 
Dliui to the Cheviots. Granite, gneiss, quartz rock, mica schist, 
and clay slate, underlie the old red sandstone which traverses the 
upper district of Stirhngshire. The traps of flie Oampsie Hills 
have thrown up, and form the boundary of the great coal-basin, 
of "which Glasgow coiistitutes the center, and within whose area 
and suburbs are exhibited all the most striiung features of flie 
basalt and greenstone famOy — the elevation at the Necropolis 
beautifully showing the effects of their intrusion, and the indura- 
tion of the sedimentary deposits. On the south, the coal metals 
are again succeeded by the old red sandstone and the porphyries, 
which in their turn are replaced by the silurian or graywacke 
rocks of the border counties. The section throughout is of the 
most varied and instructive character, diveraiEed by the grandest 
mountain scenery, the loveliest of the Scottish lakes, and a devel- 
opment of the arts and sciences over inexhauslihle coal snA iron 
treasures which has rendered the name of the western metropolis 
illustrious among the cities of the world. 

Should the geologist desire to extend his researches along the 
western coast and among the islands, he will experience an addi- 
tional interest, arising chiefly from the numerous junctions of the 
different formations or sets of rocks which the constant erosion of 
the Atiantic has everywhere exposed to view. Gigantic isolated 
portions of granite or syenite, bared all around, are to be seen on 
every headland. The twistings and flexures of gneiss and the 
schists are frequent and remarkable. Columnar basalt, similar to 
Staffa, fringes the base of every islet and promontory ; and from 
appearances like these, he will invariably infer the presence of the 
carboniferous deposits, which, in small detached patches are 
of common occurrence. Here, Mewise, are to be found the Has 
and oolites, in marginal stripes on several of the islands, easily dis- 
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tinguished by their ctaracteriatic fossils, and giving unequivocal 
indications of a far greater extension, and continuity with the main 
land, ere the inroads of the sea had broken up and parted so much 
of the aboriginal structure of the district. The vi el s<epe cadetido 
of geolo^cd agency — the convulsions of subterranean forces, and 
the destroying powers of water — are exhibited in all their gran- 
deur, where, in the face of cliffs exposed to their foundations, the 
hardest rocks may be observed yielding to every wave, and the 
whole inner roaehinery of granitic and basaltic dykes which up- 
heaved them from their basis traced in their most varying forms 
and coraplicity. Out of the jEgeaji a finer group of islands is 
nowhere to be threaded- — some scarcely raised above aea-level — 
some towering into the clouds, aa in the lofty peaks of MuU, Jura, 
and Riuu, with an altitude almost equal to their length — most of 
them glorying in names soft and euphonious as the choicest of 
classic Greece — and yet, all fragmentary and disrupted, as if but 
yesterday shivered by the thunder cloud. Skye exhibits an epi- 
tome not of the islands only, but nearly of our whole British geol- 
ogy, in which there is every variety of trap, combined with tte 
primary series — coal, white sandstone, and limestone — the ]ias 
and ooUtes of secondary formation — and mountains 3,300 feet in. 
height, composed of Labrador feldspar and hypersthene, whose 
ciystals in the dark composite mass rival in structure, if not in 
beauty, the st^aetitic concretions of the Spar Cave itself. Eocks, 
too, are here, of metamorphic texture, to which a Macculloch did 
not venture to assign a name or position in his list. And the ser- 
rated jagged pumacles of the Couhn iidge, with the black Coruisk 
inclosed as in a cratei, ivho wdl attempt to describe — unlike to 
everything else m bleik, naked, precipitous grandeur ! The poet 
of the Isles has sketched the picture — 

"Such are the 'icenea wheie sivagp grandeur walies 
An awful thrill that softens into sighs ; 
Such feelings lonse them by dim Rannoch's lakes. 
In dark Glencoe such gloomy rapturea rise : 
Or farther, where, beneath the northern skies. 
Chides wild Looh-Eribol, his caveins hoar — 
But, be the minstrel judge, they yield the prize 
Of desert dignity to that dread shore 
That sees grim Oooliniise, and hears Ckiriskin roar." 
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ENGLAND. 
PART II. 

CHAPTER I. 
EHGLAHD— aBNERAi SKETCH. 



DiFFBKiHQ as England does in people, manners, language, laws, 
and inslitufions from Scotland, a still greater difference will be 
found to exist in the physical structure, the mineral qualities, the 
organic remains, and in all the other phenomena of her geological 
developmeat. In the ascending series of rocks, Scotland furnishes 
only a few steps of the building — tJie lower courses of a gigantic 
pyramid ; across tlie borders, strata upon strata follow each other 
in regular gradation, until they attain their apex of elevation in 
the center of the capital. Another distinction exists m the quan- 
tity and extent of those rooks which are common to both coun- 
tries. All the primary, transition, and igneous formations are 
more abundant in the northern division of the island, constituting 
neai-ly three-fourths of ita surface, while ia the southern division 
they do not amount to a fiftieth part ; but, on the other hand, the 
secondary and tertiary fonnations, which in Scotland are scarcely 
recognized, or only found in patches, form in England about two- 
thirds of its superficial area. Hence, on English ground, a new 
interest begins as a totally new series of mineral sti-ata rises into 
view, and all charged with types and families of creatures of 
equally new and marvelous oi"ganizatiou. 

The new series of rocks to be described, are termed the Permi- 
an, triassic, oolitic, cretaceous, and tertiary systems. Some of 
(160 J 
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these deposits are of. vast thickness and extent. Tliey all abound 
in fossils, some in the greatest profusion, others only in the rarest 
and most remarkable types. In consequence of these accumula- 
tions, England, as eompaied with her sister kingdom, may be de- 
scribed as the full organic form in bones, muscles, and fleshy 
appendages, plump and rounded all over, irhere one sees little of 
the framework or internal ossification. The great masses are so 
covered over, tie ribs and members are so silted up, that the 
ridges and hills of the country, save on the outskirts, dwmdle into 
insignificance. Every original depression has been concealed, new 
increments of matter are everywhere added, layer upon layer su- 
perinduced, until the older fabric 13 neariy obliterated, or only at 

wide intervals observed to rise above the surface. Scotland ex- 
hibits the huge trunk, stiipped and laid bare ; eveiy yielding thing 
has been eroded and torn off ; and little remains, except the giant 
skeleton, the lineamentaiy fragments of the primeval world, 

"What is common to the two countries, among the primary 
and crystalline rocks, occupies the whole western line of coast. 
The eastern shores of Ireland, correspond in mineralo^cal cha- 
racter with the opposite shores of ScofJaad, England, and Wales, 
where a great Silurian belt covers, almost continuously, both lines 
of coast. These districts have thus aU a common origin, are 
all of the same geological epoch, and were probably at one period 
more united than appearances now indicate. The Cumbriau group 
is isolated from tlie other portions of the system, and, as described 
hy Professor Sedgwick, comprehends the lowest fossiliferoua beds 
in the island, or perhaps as yet known in the crust of the globe. 
The elaborate work of Sir R. I. Murchison on " The Silubiah 
System," has made every one acquainted with the extensive de- 
posits in "Wales and Comwal!, in which the divisions of the system 
are fuBy pointed out, their fossil contents amply detailed, and their 
relations to analogous deposits in other parts of the world satis- 
factorily demonstrated. Through all these regions, therefore, we 
are again carried back among the earlier records already noticed. 
Coincident with tlie same aie the old red sandstone deposits which 
stretch along the base of the more highly-mclined dlurians, cov- 
ering the greater poitiou of Herefordshire and Devonshire ; and 
here, as in S'olhnd, the smdstones and conglomerates are imme- 



., Google 



162 EKGLAH. 

diately succoedod by tlie rich trcasuios of the carboniferous age. 
In the rocks of the three fsimilies lie, in profuse abundance, the 
organic remains of the epochs ■which produced them — oast lite 
wreck among the silts and sands now taidened and upheaved into 
mountains — the peaks of Skiddaw and Snowdon, of Plinlimmon 
and Helvellyn, once the beaches or floors of our ancient seas. 

The Cumberland group of mountjuns, with its varied scenery 
and lakes, is suiTounded with the carboniferous rocks — as bright 
and lovely a picture, set in a framework of jet or ebony, as the 
mind caa contemplate. The great scar, or mountain limestone, 
constitutes the base of the coal series, resting on the old red con- 
glomerate. This calcareous deposit is of vast thickness, range, 
and extents— a concrete mass of animal remains of five or six 
hundred feet. It presents the outline of a great cora! reef which 
anciently fringed the center cluster of the lake mountains : and is 
stiU, with a. few breaks, traceable along their wide and irregular 
circumference. Tlie sublime gorge of Gordale, the fine gray pre- 
cipices at tlie foot of Inglefaorough, the caverns of Chapel-le-Dale 
and Clapham, the rocks of Kirby Londsdale Bridge, and the great 
white terrace of Whitbari'ow, all derive their peculiar features 
from the effects of erosive action on this formation. Diverging 
from the great leiminal group of the Cumbrians, tlie same deposit 
rises along the center of the district into an independent ridge, 
taking up the most commanding positions — the towering summit 
of Cross Fell on the one hand, and the celebrated High Peak of 
Derby on the other, with all its wondrous caves and sparkling 
fluor-crystals. The intermediate range of the Penine Alps, so de- 
nominated by the Romans, is chiefly composed of the formation. 
The caves of Kirkdale, the haunt of the British hyena and other 
extinct camivora, are situated in the same limestone, which is 
also the repository of numerous lead mines, distinguished for their 
splendid metalhc concretions and fluor-spars. And here, too, are 
rivers which are lost in its dark caveiTis; and that wonder of 
wondei-s, an astronomical paradox, where, from the peculiar con- 
formation of the hiUs and ravines, the sun does not rise upon fhe 
inhabitants of Narrowdale, until he has passed his meridian, and, 
as if to repair the loss, twice sets upon their horizon in the course 
of every evening. 
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The coal-measures on tlie eastern side of this chsuii consist of 
the Wortlmmberland, Diirhara, Yorkshire, Nottingham, and Derby 
fields ; on tlie west and nortli, Whitehayen, Lancashire, Manches- 
ter, and Nortli Stafford ; and on the south lie the basins of Aah- 
bome, LoughboTOugh, Wolverhampton, and Dudley. The lime- 
stone skirts the out-crop of tlie metals in aU these localities , and 
thus serves to define the relations of the several basins, and the 
cause of so many diviaions in the field, occasioned by the net-worlc 
of coral reef with which it has been originally penetrated. The 
Wolverhampton badn. is remarkable for the number of roots and 
stumps of fossil trees found "in situ;" iii the Derby field the 
railway tunnel has exposed to view a group of sigillaria, forty in 
number, standing at ligM angles to the plane of the beds, and 
not more fian three or four feet apart. Many of the tree fossils 
occupy a similar position in the Northumberland and Newcastle 
coal-measures, reminding us of Uie submerged forests of which, 
within the modem epoch, our sea-coasts furnish so many exam- 
ples. TSie Newcasfle coal-field embraces an area of nearly eight 
bundred square miles, being foi-ty-eiglit miles in length by tweuty- 
four in breadth ; the depth of the shaft: is about three hundred 
fathoms, from which are annually brought to the surface an ave- 
rage of six million tons of coal. Sixty thousand persons are em- 
ployed in the mining operations ; and fourteen hundred vessels 
are engaged in carrying the mineral to London and its environs. 
The iron trade, connected with the different English coal-fields, is 
upon a corresponding scale of m^nitude, there being fittie short 
of a million and a haJf tons of the metal annually smelted and 
brought to the market, estimated to be worth, upon an average, 
twenty millions of pounds sterling, and comprising within the di- 
mensions of this small island, as much as is exhumed by all the 
other nations of the globe. The Newcastle coal-measures have 
been singularly disturbed. A basaltic dyke, in some places eigh- 
teen yards wide, crosses the southern part of the field, throwing 
down the metals on one side ninety fathoms, and reducing the 
coal, at the distance of fifty yards, to a state of cinder. This great 
dyke is traceable through a course of seventy miles. As an ex- 
ample of the prodigious power with which these subterranean 
forces have acted in the district, suffice it to mention, that the 
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limestone which underlies the coal metals has heeii elevated nearly 
to the summit of Cross Fell, a moTintain three thousand feet in. 
height ; and estimating the fhicliness of the fonnafion at four 
thousand feet, the limestene, it will thus appear, has been raised 
above its original position upward of six thousand feet. 

The "green rock," or basaltic greenstone of the South Staf- 
fordshire coal-field, presents an interesting subject of geological 
research. The center of the formation, as also that of the erup- 
tive agency of the tract, may be considered to be in the Koirley 
Hilla, from which the latter diverges on all sides, setting off 
innumerable veins or vertical dykes, which are subdivided into 
smaller veins of a white color, and everywhere penetrating and 
altering the shales, sandstones, and coal metals. This igneous 
mass is more of an undei^oiind tlian super-surface rock, occu- 
pying an area of twenty-five square miles, and rising only into 
slightly-elevated and detached ridges. It corresponds, in mineral 
characters and position, with another extensive effusion of trap in 
the northern coal-fields, termed the "Whinsill." This consists of 
a bed of basalt, which has been injected among the strata of the 
coal-measures, or, as some conjectui-e, has been poiired over them 
as a cotemporaneous formation — an overfiood of lava produced 
during the deposition of the mountmn limestone group, and over- 
l^d in turn bj the succeeding series of upper strata. Nearly the 
entire coal-measures of the north of England have been more or 
less infiuenced by the eruption of the whinsill, from which dykes 
are tlirown oiF in every direction, accompanied by phenomena 
precisely similar to thcwe exhibited in the coal districts of Scotland, 
In both countries the same agencies are thereby demonstrated to 
have been at work, originating in the same causes and producing 
similar effects, and doubtless cotemporaneous in their operations 
over these aai other immense areas of the globe. 

The rocks which constitute the SEOONnAKT and tbhtiary divi- 
sioKs in the great geological series remain to be described. These, 
generally, all range eastwai-d from the older formations, to which 
they succeed in the order of superposition. The hne of section of 
the whole bears from Whitehaven on the north-west, to Wewhaven. 
on the German Ocean by south-east, where, along this course. 
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t eiy foimition m llie itlainl ib inter'=ected, aacendaBg from the 
^tiiiite uf the Cumbriia mountams through all the intermediate 
Eciie^ to the London claj and upper lertiaries. The strata of 
which theie formitions consist aie all more or leas, inclined to the 
liorizon dipping nndtr each other, and emerging in, succession to 
flip surface Tine outoiop la at nght angles to the line of section, 
^o thit each cIisb of iiH.k^ use-* to and faces the north-west, meet- 
ing the eye of the geologist as they are in turn approached, and 
narrowing in estent and receding in proportion as they are verti- 
cally removed from the older systems. 
H w h to begin here, instead of in the 

I g th g point would necessarily be in the 

L It m unta TL ry talllne primary rocks are developed, 

th gh p gly tl d f t ; and these, again, are surround- 
d d 1 d by th 1 west fossiliferows deposits, termed by 
tl pi d 1 t The Cumbrian System." AH the 

d t d ta 1 t th ai'e here too amply relieved by the 

h m 1 m oTidi t nery amidst which they fall to be 

gl t t wh th m nd outer arrangements of Nature, 
tldpt fhwk are ahke fitted to call forth our ad- 
t d 1 light Th thor of "Elia," who had spent hia 

1 y ty ] f and h d p -ejudice agmnst every other mode 

f g t p h fi 'st excursion so far into the coun- 

y d b C 1 dg a. dwelling upon a small hill by the 
I f K w k mf table house, quite enveloped on 

all sides by a net of mountains ; great fioundering bears and mon- 
sters tJiey seemed, all couchant and asleep." It was enough ; 
the soul of the man of genius was stiiTed. He clambered up to 
the top of Skiddaw , and he waded up the bed of the Lodore ; 
and he satisfied InmsPlt, "that there is such a thing as tourists 
call roiaaniic." But Lamb w as never meant for a geologist, and 
for science of anj kind he had no aptitude. The athletic Words- 
worth is of a difl^rent mold, compacted of different elements, a 
mind stored with the loveliest images ; an understanding capable 
of sounding the depths of any subject, and a thirst after know- 
ledge from all and every source of visible creation ; and yet, mark 
how disparagingly he pronounces judgment upon the student of 
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unquestionably tiie most poetical of all tlio brandies of pbysical 
inquiry — "that fellow-ivanderCT " — 

" He who with pocket hiunniCT 8nii(«a (lie edge 
Of Inckleas rook or prominent stone. 
The snbstBDce cliLsses hy some barbarous name, 
And hun'ies on ; 

and thinks liimoelf em loiedj 
and donbtless wiser, than before ' 



But men, it would, seem, can no more command their mi odi of 
thought than their prejudices. The poetical vein, like the ^eoiu- 
gical, will burst through all restraints to illuatiate and imdnate 

the principles of truth. "We htiTe often repeated, lecalling them 

from memory, as the index of our own fiame of mind, 'fthile 
searching in the crypts of the primeval world, the beautiful Imes — 
a hymn to Nature's works, and the study of tliem — 

" These baiTen rocia, our stem inheritance. 
These fertile fields, tliat recompense onr pains. 
The shadowy Tale, the sunny mouatain top, 
Woods waving in the wind their lofty heads. 
Or hushed ; the roai'ing waters, and the still. 
They see the offering of my lifted hands — 
They hear my lips present their sacrifice — 
They know if I be silent, room or oven." 

Wor does it rest here, for directly is our science under a deep 
debt of gratitude to the lutbor of the " E^enrsion," who sought 
for and obtained tl d f th 1 g t p 1 1 fill up the out- 
line of his own w t p tur f th b y of the Lakes." 
Bead side by sid m w 11 k wh U tb descriptions of 

the poet, or the k tch f th ph 1 pb the more buoyant 

in diction, divers fi 1 dlustr' t p miii t with devotional 

inspiration. ThwkfWdwthndb dgwick as a com- 
panion of travel w th t 1 n wb b d ut of the dark- 
est pages of ere ti n th bgbt f n falbng upon, as 
if intending in ly to p d u U mm t d olume, and over 
which, at one adth mm tm t is throwing her 
gayer and softe 1 n Th pb} 1 t -u tiire of the dis- 
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trict, in fact, fuiiiishes the key to all its pictiiresqiie and delicious 
scenery. Tte geology and the poetry are the counferparfs of each 
other. Wordsworth has drank deep at tlie fountains, mid told the 
story of the one : the lessons of the other have been read by a 
kindred spirit, who has heard the miglity voice muttered in the 
dark recesses of the earth, and, in his own eloquently impassion- 
ed diction, Sedgwick has recorded tlie truths "of wisdom, of in- 
spiration, and of gladaesa ; telling us of things unseen by vulgar 
eyes — of tiie mysteries of creation — of the records of God's will 
before man's being — of a spirit breathing over matter before a 
living soul was placed within it — of laws as unchangeable as the 
oracles of nature." And out of all the apparent confusion, and mul- 
tiplicity of objects so blended together, he has brougLt " harmo- 
nies " to light, whicb are to have " their full consummation only in 
the end of time, when all the bonds of matter shall be cast 
away, and there shall begin the reign of knowledge and universal 
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4. Coniston Lim^tone. 

5. Silioious Grits. 

Thus, as seen in the preceding section, four geological s; 
are, in fliis charming district of lakes and mountains, all clustered 
together and rolled up for the convenient inspection of a few days' 
rambles : The Silurian, Devonian, Carboniferous, and Permian ; 
and to these are to he added the Granites, Porphyries, and Plu- 
tonic family of greenstones and basalts. 
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CHAPTER II. 

THE PERMIAN SYSTEM— KEW RED SAHTISTONE. 



The geological formations described are succeeded in the ascend- 
ing order by tlie Permian Bystem of deposits — .1 term borrowed 
from tlie department of Perm in Rrissia, where the strata cover 
an area about twice the size of France. This constitutes the new 
red sandstone of English geology, and has many equivalents in 
other countries. Thus, in the lower division of the group or true 
Permian, there occurs the Zechstein and Lower Bunter series of 
stiata; in the upper or triassio division, the equivalents are the 
Upper Biiiiter and Gr4s Bigarrfi, or variegated sandstone, the 
Muschelkalk and Keuper of French and German authors. The 
system is largely developed in America, Africa, India and China; 
where, as in Britain, the deposits are of extremely varied mineral 
characters, consisting of grits, sandstones, maris, limestones, gyp- 
sum, and rock-salt, each presenting its own family types of vege- 
table and animal life. 

The new red sandstone extends across England without inter- 
ruption, through the medial or central counties, and ranges nearly 
north-east by south-west. The two great divisions of which 
it consists are everywhere well marked, the dolomitic or mag- 
nesian Umestone forming the base, and giving character to the 
lower perniian group ; the upper ti'iassic group is sufficiently 
distinguished by the rock-salt deposit which is wholly included in 
this part of the formation. Each, too, has its own peculiar set 
of fossils. Those of the former are alhed to aiumals that flour- 
ished during the carboniferous period ; two genera of fishes, the 
palffioniscus and pylopterus, are common to both. The fauna 
and flora of the triassic group are regarded as entirely new, 
neither borrowing from not imparting anything to illustrate the 
(168) 
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organisms of the older families of ro«ks. The one series of strata 
thus represeats the coming of a new, the other records the 
departure of a past state of things. 

lu the central counties of England this deposit expands into a 
gi'eat plain, siirrounded on all sides by the eoaJ-measures, while 
■within its own area several basins — as those of Leicester, War- 
wick, and South Stafford — are included, being completely iso- 
lated by the new red. An int«restiug economic questior 
arises — Do the coal minerals occupy the whole c 
alile portion, of the estenaive area corered by this formation? An 
equally important geological problem is connected with the solu- 
tion of the question — namely. What are the general relations of 
the older to the newer deposits of the district? The researches of 
S' P I M h' dm tly f th g 1 ■ ! rv 1 
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Th t b q tly to fh d p t f th w d d.t 
there was a veiy great movement of all these rocks, piodueing 
their present faiilts and inclined positions, 3. That the bounda- 
ries of the South Staffordshire coal-field, as fai- as examined, pre- 
sent examples of three kinds of relation between the coal-measures 
and new red sandstones; *. e., by conformable succession; by 
fault, the coal-measures being present on the downcast side ; and, 
thirdly, where Uie destruction of t3ie coal-raeasurea has brought 
the new red sandstone into immediate contact with the Silurian 
strata. The author of this paper is farther of opinion that, while 
there is a great probability that tiie larger part of the new red 
15 
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sandstone plain conceals produUi>e (,oal mi "iaurcs, there is the 
presumption that these will not be found at a depth of less than 
600 or 600 yards below the surface 

Corresponding with these vie'w^ it will be lemembered that, 
after tlie deposition of the coal -measures, there succeeded a period 
of violent plutonic action, whereby the formation was dislocated, 
broken up into smaller sections or basias, and pierced by the 
igneous rocks. There would, consequently, durmg this season of 
paroxysm, be a vast destruction of animal and vegetable life. 
The indurated crust would everywheie undetgo great trituration, 
tlravel, aand, and mud of every quality nouldbe cast along the 
shores, or sUted up in the deepei hollows And then agaia 

would oome a term of genertil repoae, as tliP angry elements sub- 
sided, exhausted by their own yiolence, Tlie ■n.tae was actually 
or nearly as described; and, in the aspect of the older denuded 
and uplifted rocks, as above represented, there are the most strik- 
ing evidences of the agitations of the period. The exuberant 
flora of the carboniferous age, suffered prodigiously, or became 
utterly extinct. Conglomerates were formed which exhibit few 
traces of organic life. To these succeeded the vast areas of the 
fine-grained sandstones, and gypseous and saliferous marls, every- 
where nearly horizontal, and still undisturbed on their ancient 
beds. The tribes of animals were abridged in numbers, changed 
or modified in structure, so as to suit the altered state of things. 
The rain-drop, ripple-mark, and foot-print are all witnesses to be 
adduced of the mighty change, as tbey are all proofs of the 
doings of Him who holds the waters in the hollow of his hand, 
makes the clouds to distill in sbowers, issues his command to the 
hurricane and the earthquake, and restores in renovated beauty 
the face of nature. 

The lowest bed of the formation is the jnagnesian Umestone, 
which derives its name from the quantity of carbonate of m^- 
nesia distributed through the matter of the rock, amounting in 
some instances to as much as sixty per cent. It is likewise called 
the ddomiiic limestone, from M. Dolomieu, who first investigated 
its granular ciystaliine sti'ucture. This limestone is generally of 
a yellow color, glimmering luster,, passing occasionally into blue 
and brick-red varieties, and exfoliates in thin plates, or breaks up 
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in lirge boti) o Jal m issc In tins fo in it occurs at tlie cliffs of 
Duifiam ^heie it assumes tlie groujmg and arrangement of 
iham "iliot and as the beda are distinctly stiatitied the tace of 
the r L. ha-> a very strikm^, and pleasing cffLCt In the moie 
loutieni countie': this formation existi genei illy m the form of a 
coEEtloraeiite Kuj.j.o'ied to be derned Irom the debus of the older 
cirbonifeious limestone united by a dolomitic paitt, thu'j illu"; 
tilt ng the souroe and mode of the depo it whde m the oi^arae 
remains theie ha been traced a regular gradatim betweea the 
tipea cf the oldpi sub carboniferous and the success ve newer 

Let us coii'^idtr ome of the m le lemarkable forms tracing'' 
and ingredienls of the ftimat oi 

I Ths; Oboanic Ke"mai\8 aie s antv ii con piied nlh those 
of the age imraed itelj anteiioi The ^cgetihle form is jet 
dete:,ted are new and distinct The fa hes consist of six or se\ en 
genera and about as many diffeient species And here com 
mences it is supposed the singular change m then ossihcition 
f 1 which science can assign no reason as it cam ot detect the 
least appearance of gtaduation into the now for the fii-st time 
begun and complete! change The fishes of the formation piesent 
the HOMOCBRcAt — that is, the equally-lobed, or one-lobed tail-tin, — 
a structure peculiar to existing races, with the exception of the 
Bhark, sturgeon, and a few others, and form a striking contrast to 
th"se in thf mtecedent groups which were ill possessed of the 
HcTEROCBr AL or unequally lobed tail fan 




The Permian system of strata has hitherto been noted for the 
introduction of walking, air-breathing animals ; hence it has been 
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1 T E Bit AM r TB NEV ED N TONE, 

a cano of e s en e 1 a e d p 1 en ombed the last 

1 rdis of that anc nt cha b of organic 1 fe h cli prevailed from 
tl e be^, n ung and al o the fl t te ms of the new series which 
at amed to such monst os t es and prolific exuberance in the suc- 
ceeding epoch Doubtf I as to the existence of reptilian and 
o n thio e eatnrea during the arbon ferous per od both forms of 
creah n a e h re d tinctly manife ted and n he higher mem- 
b of he t c group b rds and rept les 1 ave left traces of 
the pa h Thus emarLably defined n an n ariable chronolo- 
g cdl se e w the new red sandstone format on all the ancient 
types of organic bfe were disappearmg ; completely new forms had 
just beguu fo replace them. But, while we are writing, the dis- 
covery has been announced that, so old as the deionian age, 
reptiles existed; alligator-like foot-prints, m regulai alteiniting 
order, have been found impressed in the old red sandstone near 
Pottsville in Pennsylvania, and by Mr. Le^, then disto^erer 
and American conchologist, the animal whn,h owned them has 
been named the Saoropus Pbim-bvus, A rc'volulion m geology 
is decreed in the words. Many divisions m the system'^ of locks 
will have to be revised, many distinctions altogether ohliteratpd, 
theories of development and of many other things are now sidly 
misplaced, and out of keeping with the newly declared order and 
progress of organic life.* 

* The strata in which theae tracks occur have since Tieen carsfnlly mvosti 
gated by Prof. H. D. Eogers, who has aacertained that fhey belong truly to 
Ihe carboniforous red shale, and are, therefore, of an age essentially later 
Uian that attributed to them. lu a, coinmunication made to the American 
Association, Prof. Eogers says : — They occur, indeed, in a geological hori- 
zon, only a few hundred feet below the con^omerate which marts the be- 
ginning of the productive coal series, in which series similar foof^printa, 
attributed to balrschian reptiles, had been previously met with in Western 
Pennsylvania. Instead, therefore, of constituting a register of the antique 
life earlier than any hitlierUi discovered, by at least a whole chapter in the 
geological book, they cany back its age only by a single leaf. The surfaces 
upon which these interesting foot-prints abound are the smooth, divisional 
plains sepai'ating the beds of red sandstone, and are invariably coated with 
a. fine impalpable material of a once slimy and soft mud ; and everything in 
the texture of these surfaces goes to prove that they were in contact with 
the air, and were the stages of rest between the alternate depositions of the 
strata. Many of thera are covered with ripple-lines and water-marks, sng- 
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But without venturing at present to enter upon the consequences 
10 paleontology involved in this important discovery, we proceed 
with the known and recognized history of the formation in question. 

The organic remains contained in the upper, or triassic group, 
differ considerably from those of the lower division of beds. — 
While the same families of vegetable fossils are preserved which 
characterized the coal-measures, the particular species and genera 
have disappeared. About twenty species of ferns and coniferse, a 
few calamites, several fucoid plants, and a gigantic genus named 
Voltzia, and resembling the Araucaria or Norfolk Island fir, com- 
prise the thinly -scattered specimens of the flora of the period. 
The quarries at Coventry yield some undetermined stems of trees, 
and leaves like those of our thiek-ribbed cabbages have been 
found in the strata near Liverpool. The animal remains are 
more numerous as well as varied iu their structures ; some, indeed, 
altogether anomalous in their organization, and foot-prints of the 
most puzzling characters and dimensions. There are several new 
types of moUusca and crinoidea, among the latter the MnerhmK 
formosus, one of the most beautiful forms in any department of 
the animal kingdom. The fishes of the placoid order consist of 
seven genera and fourteen species, of ganoids three genera and 
seven species. The beptiua supply the jnarvels of the period. 

gestive of the shelving shore, and, with few exceptions, f\iej are spotted 
over with, little circular impressions, imputed to the pattering of rain. All 
ovei' the euooessive Boors of this ancient world, as delicate and impressible 
in their texture as so much wax oi' parchment, are the footsteps and the 
frails of various creeping things, — Oia prints of Some uaknown four-fool«d 
creature, tJiought to be reptilian in its nature, but of whose true affinities 
the Piofessor expressed his doubts, trails analogoiis to those of worms and 
molluscs, and various other marks, written in hieroglyphics too ancient to 
be interpreted. The larger foot-prints are, for the most part, five-toed, al- 
ternate in the steps, and with the fore-feet as lai^e nearlj' ea the hind ones ; 
marks of the sciatohing and slipping of the feet, and the half effacing pas- 
sage of the tail, or of some soft portion of the body, are often distinctly 

Prof. Agnssia stated his doubts as to the reptilian character of the foot- 
prints noticed, and, after desoiibing the difference in the arrangement of the 
locomotive organs of the modern and the ancient fishes, gave it as hie be- 
lief, thai in those early periods there were fishes of a structure which per- 
mitted them to walk upon all fours. 
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Prof. Owen has described six distinct genera from these singular 
fossils, in which, he has established an affinity to the batrachia. 
From the curiously- complicated texture of the t«eth, the term fafiy- 
ritUhodon has been given to one genus, while the same authority 
suggests, that the foot-impressions to which the term citdroikermm 
had already been apphed, might belong to this animal. The two 
genera, claydyodan and rhyncosaurus, are remarkable specimens of 
organic structure, the latter combining the laeertian type of skull, 
with edentulous jaws, ■which impart to the forepart of the head 
the profile of a parrot. 

n. The loHKOUTES, or foot-prints, constitute a marked feature 
of the formation. Xliese geological plienomena were fiist intro- 
duced to the notice of the public, about twenty years ago, by the 
late Dr. Duncan of Euthwell, when his announcement of the 
tracks and foot-marks of animals along the ancieut shores of Dum- 
fries-shire created a sensation among all classes hitherto unpre- 
cedented in the history of the fossil department of the science. 
Eobinson Crusoe was not more moved at the discovery of a hu- 
man foot-print on the sands of his lonely island in the distant main, 
than were men of science, that traces of organic life should thus 
be stereotyped m a deposit believed to be utterly destitute of fossil 
relics. The creatures which had traced them, so like to existing 
walking things, greatly increased the interest and the wonder ex- 
cited by the picture — the tread m all the freshness of yesterday 
of the inhabitants of the antediluvian world 1 The phenomenon, 
however, is now one of very general and common occurrence, 
several quarries in tlie same locality — various places in England — 
in Saxony — in the states of Connecticut, Massachusetts, and Vir- 
^nia — having smce been found to yield the impressions in the 
greatest abundance, and of numerous types and forms. And so 
well delineated and perfect are (he impressions, that, in the ab- 
sence of any other reminiscence of the animal, these characters 
have supplied the same aid to the skillful palaeontologist that the 
fragment of a bone, a fin, or a scale, did to Cuvier and Agassiz, 
in the reconstruction of their organic models, and determination 
of extinct genera and species. Birds and reptilian quadrupeds 
have Edl contributed their share in the production of these curious 
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lithographs. Small toe looiing scratches dt*p palmj unpies- 
sions, cloven hoof-like indentations and Iirge gigantic hollows, 
have all been pictured in clear distinct outline eo^eied up and 
now again laid patent before you as by the lemoral of the coveilit 
of your album. The Boston "Journal of Natural History" com- 
municates the following iateresting account of the researches of 
Dr. Deane : — " I have in my possession," he says, " consecutive 
impressions of tridactyle feet, which measure eighteen inches in 
length, by fourteen in breadth, between the extremities of the 
lateral toes. Eacii footstep will hold half a galloa of water, and 
the stride is four feet. The original bird mnst have been four or 
five times larger tlian the African ostrich, and therefore could not 
have weighed less than 600 pounds. Every step the creature 
took sank deep, and the substrata bent beneath the enormous 
load. If an ox walk over stiffened clay, he would not sink so 
deeply as did this tremendous bird." Sir C. Lyell has examined 
most of the foot-print districts in America, and found the mark- 
ings so numerous in some places as to resemble the puddled stand 
of a sheep-fold or market-place ; the very spots, doubtless, whither 
the animals had resorted to quench their thirst, or screen them at 
mid-day from the scorching beat. The various tracings become 
more distinct in. proportion te the distance from the scene of common 
rendezvous, and the several routes by which they would return 
to their respective haunts; or fields of pasturage, are clearly defined. 
A conaderable doubt hung over the accounts from time to time 
detailed in the American journals and other publications, concern- 
ing V|hese novel and extraovdiaary discoveries, until thoy were 
more than matehed by the actual exhumation of the entire skele- 
tons of the feathery tribes, far exceeding in dimensions anything 
hitherto dreamed of in the science of ornithology. The collections 
of Mr. Williams, and of Mr. W. Mantell, from the alluvial depos- 
its of New Zealand, utterly confounded all previous calculations 
as to the size and bulk attainable by the bird tribe. The tibia of 
a Dinomis, in the collection of the University of Edinburgh, mea- 
sures thirty-one inches in length, a femur seventeen inches, the 
average <arcumferenoe of both being nearly twelve inches. From 
the foot to the fop of the clavicle, the animal must have stood at least 
thirteen feet in height. With thestrut of the turkey, orthe pride of 
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the peacock — head and neck of corresponding altitude — what a 
denizen for the wilds and forests of this region of the new world ! 
When animals of similar dimensions, hut of an earlier epoch, fre- 
quented the heaches of Great Britain, we have to imagine the 
Cumbrian loountains, the Penine chain, Derby Peak, and the 
lofty cliffs of Avon, surrounded by an inland sea stretching by 
central Prance, the Black Forest, and the Hartz moimtains, and 
the shores all round silted with the materials which now constitute 
the triassic group. Tortoises, turtles, bird-headed lizards, birds 
themselves, salamander and frog-like creatures larger than croco- 
diles, resoi'ted as now to the sea-shore, in the cool fresh of the 
evening or as tide-mark permitted, ajid regaled themselves at 
will on the food which an ever-boiinteous element furnished to 
tiieir various wants. 

The science which, from such indicia as these, has succeeded in 
detemuning not only the class, bnt the very form and habits, of 
the animals which impressed them — ^no other traces remwning 
than th(»e petrified footsteps, covered up and hidden for ages — 
presents subjects of study to the inquiring mind, which may well 
rank among the most valuable, as well as curious, of human re- 
search. Is it not wonderful enough, that organic impressions 
merely should have been transmitted so fresh Mid entire, as to 
admit of classification, equal in scientific precision to that of the 
famihes of living things? What matter of suggestive reflection, 
inscribed on every page of that history? The tribes which were 
created and flourished during the Permian-triassic age perished, 
their earthy parts in most cases were all again ahsorbed bijj the 
earth, dissipated or melted into the viewless sur. Still there are 
memorials of their existence, enduring and indelible, not of hones 
and sinews, hut of actions and habits, which the waters cannot 
obliterate, nor the floods wash away ! Man, a being of a different 
mold, — and with him 

" Will all gtesi. Neptune's ocean wasli this blcod 
Clean from my hand?" 

was the cry of instinctive dread — the foreboding of an assured 
conscience, that the foul and guUty deed could never he effaced 
from the memory, nor blotted from the records of creation. 
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The foot-tread of the robbei has tncked him to his den; the 
minutest stain of hlood has estabhshed the crimp of muider; a 
dream or vision of the night has pointed to the mangkd corse; 
a word uttered years after ail was foigotten, or a mde ditty 
fihanted, have recalled the pictures of mtancy, and the wanderer 
to his liome. Here we behold, stamped upon the rocL, legible as 
the law upon .the tablets of the heart, intunations of the gicat uni- 
versal law, that an act oncp comimf ted cannot be canceled ; thai 
a cause will be followed by a sequence of effects indefinite and 
ever-extending ; and that the Divme Spirit, which drew illustra- 
tions from the fields and taught wisdom ajnong the rocks of Ho- 
i-eb, still points the moral m the** ineffaceable memonals — tliat 
the recording angel so tiacca m the book of Ide the storj of every 
age, of every generation, of every individual, never to be lost nor 
forgotten in that eternity whither tlieir works do all follow them. 

Ill, Other singular records of the age under review have been 
preserved in a similar manner; for the ocean itself has not failed 
to impress ite own movements on the sands laved by its waters. 
Hence the aippLB-MASK has been detected, a recognized object of 
the science, and a phenomenon to be seen in the sandstones of all 
ages and in all countries. The new red, from the stiller waters 
perhaps in which it was formed, contains everywhere beautifully 
minute and perfect delineations of the kind. The furrcwtd sand- 
stones form a class by themselves, being selected in the neighbor- 
hood of Brighton, as paving-atones for the streets, and in the 
stable-yards as a protection for the horses against slipping. The 
traces often of tlie more destructive violence of the sea, even of 
recent date, in leveling villages, sweeping down plains, undermin- 
ing cliffs, overwhelming proud navies, are completely obliterated 
or forgotten, while here fJie records of its still voice are indelibly 
engraven on the rock. 

Observe other markings as you walk along the sea-shore on a 
summer's eve; bow every wavelet that breaks upon the beach 
leaves its tiny indentation, until the whole surface becomes fur- 
rowed as the reflex of the ever-shifting flood; there spring up on 
every side innumerable hillocks of sand, little blisters througn 
which you detect tiie movements of a creature within, and theh 



Host.d./Gciogic 



178 1 

the trail of the sea-worm is visible all over. These were vermes 
and anndides burrowing in the sands, in those ancient times, with 
instincts and hahits precisely the same. "We find," says Dr. 
Buckland, "on the surface of slabs, both of tlie calcareous grit, 
and Stonesfield slate, near Oxford, and on sandstones of the 
Wealden fonaation, in Sussex and Dorsetshire, perfectly -preserved 
and petiiJied castings of marine worms, at the upper extremity of 
holes bored hy them in the sand, while it was yet soft at the bot- 
tom of the water ; and within the sandstones, traces of fnhular 
holes in which the woi-ms resided." Nature here his 
little from her first models; the same element, vihich i 
chaffing upon the same materials of sand and rock, has i 
through all time the same ingredients of life-slirring action 

IT. Nor has the atmosphere — that twin ocean of upper earth — 
fmled to ^ye evidence of the properties and laws by which it 
was then governed. The rain-dbop, a singular unmistakcable 
marking, has also been detected upon the sandstones of the 
period. These impressions have been described and adopted by 
men of science as the true veritable indices of the showers and 
cloud-falla of the old world. The very size of the drop may be 
measured, the thick paltering of the rain compared with ihe scanty 
or copious showers of the present day, and tlie very point detected 
from which the wind blew on the day that these showers fell. 
What a curious tale is thus disclosed, by a record, no modem 
version of which any one will stay to read a moment longer than 
he can escape to shelter from its influences. Astronomers tell us, 
upon the fmth of the Herschels, the measurements of Struve, 
Bessel, and Madler, that, notwithstanding tliat light travels at the 
inconceivable speed of two hundred and thirteen thousand miles in 
a second, the light from Uranus, one of our own planetary system, 
does not reach our earth imtil two hours after it has been emitted 
from its orb ; that, from the edge of the Milky Way, a star of the 
twelfth magnitude, careering in all the effulgence of that luminous 
ether, cannot he descried until four thousand years after the ray 
has begun its jonrneyings ; and yet more, as the results of the 
most rigid induction, it is revealed to us that the spots of clouds, 
which under the resolving power of the b 
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oval flakes or small specks of ■whiteness, are really distinct and 
independent systems, floating at sueb. an immeasuiable distance 
that tlie light has to wander milliona of jears before it can break 
in its faintest morning-streak upon our horizon. Mark the analogy, 
therefore, ere you scoff at the qrednlity of the geologist, or the 
power of the rain-drop to transmit an image of itself throiigli so 
many revolutions and ages of the earth's history. How impalpa- 
ble a substance is light I how readily effaced its impressions, or in- 
tercepted ita brilliant colorings, by the interposition of the frailest 
ereatioa of matter — an insect's wing, the covering of a leaf, the 
disc of a flower-petal. But the light, thus easily obliterated or 
dimmed on earth, has been maintaining its own solitary indepen- 
dent conrse through every medium, eveiy change, of upper and 
nether worlds. The moment of its efflux from remotest orb, in depth 
of infinite space, gave to every particle of that feebly or intensely 
luminous beam, a separate being and direction, with no return 
back to its parent source. And now, says the intelligent astrono- 
mer, as it drops gently into the searcher of his telescope, that is a 
ray from yon far distant unresolvable cluster of stars, or of astral 
systems, for millions of years traveling through these incalculable 
heights, when as yet the Ohaldee sages had pointed no instrument 
f« the heavens, nor the learned of Memphis recorded an observa- 
tion. Can you deny to other matter, argues the geologist, a simi- 
lar tenacity of self-preservation, the vitality of impress which 
merely records the uniformity of the laws and constitution of na- 
ture, and which intimates that, through all past time, there were 
showers to cliecr and to refresh the products of the earth ? Trath 
becomes more marvelous than fiction when traced in researches 
such as these — showing the illimitable range over time and space 
permitted to human inquiry — and producing, at the same time, 
things both of heaven and of earth scarcely to be dreamt of in 
human philosophy. 

V. But the economic ajid practically useful, no less than the 
speculative or fanciful, form constituents of the new red sandstone 
formation. The strata are not only indented with impressions of 
strange and doubtful origin ; they inclose, like those of the car- 
boniferous system, treasures of the greatest value ; and nature, 
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in ceaang to ^l>ound in one kind of product, has been no le^ 
exuberant in others eijuallv oontributive to the comfort and con- 
lenipnce of nwn In this cKsa of rocks are situated our great 
deposits of BOCK SALT and gypsum, of the former of which, be- 
side supplying the demands of the home market, the mines of 
Cheshire alone expert from Li% erpool upward of half a million of 
tons weight The di'rtnbution of the saline mineral is very gene- 
ral over the earth and ty no means constaat in its geognostie 
position a'3 for example m GaJicia, it is found among the ter- 
tiary depoaits m Npw Yoik it occupies the middle of the sOu- 
rians ; while in Hungary, Poland, and England, it is uniformly 
associated with the new red sandstone. Eook-salt has been long 
known to and prized by mankind ; it became an. object of taxation 
or tribute six hundred and forty years before the Christian era, aa 
narrated of Ancus Martins, "saliaarum vectigal instituit;" and 
hence centuries afterward, when Great Britain was in possession 
of the Romans, the legions received salt as part of their pay or 
" salary." Our richest mines are in Cheshire, aad along the dis- 
tricts watered by the Dee, the Weaver, and the Mersey. The beds, 
or rather masses, are imperfectly stratified, and vary in thickness 
from a few inches to 120 feet and upward : gypsum and variegated 
marls may be regarded as eonslanls in the formation, the gypse- 
ous deposits sometimes attMning the enormous depth of 160 feet. 
We speak of the beds of gypsum as d^osiis, in common with 
those of the sandstone matiis in which they are imbedded. It 
appears, however, on inquiring into the theory of their origin, 
that they are not strictly such in the true sense of deposits — origi- 
n^ly as gypseous deposits — but altered limestones, metamorphosed 
by the action of gases which have escaped from beneatli, and per- 
meated the calcareous mass. The carbonates of Kme have been 
converted into the sulphates of lime, by means of gaseous emana- 
tions produced in unknown volcanic depths. Even the dolomitic 
member of the group is supposed to have a like metamorphic 
origin ; the needful elementary agencies having entered into the 
parent limestone, and converted it into the magnesian type. Why 
nature should not have done these things directly, at the first off- 
throw, science could not, perhaps, very satisfactorily answer the 
skeptically inquiring mind ; but, as the mgredientfl are all chemi- 
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caJly well known, and more especially as there is a vast laboratory 
ever at work, filled with al\ kinds of elements, in her subterrane- 
an regions, any hypothesis of formatjoji is as rapidly established 
as it is conceived, and the interest of the subject humanly speak- 
ing; augmejited. The celebrated Beraelius, when questioned on 
the point, had his ready solution of the problem, easily derived 
from his unparalleled stores of chemical knowledge : — " Give rae 
a substance contsuning sulphur — admit the presence of the vapors 
of sulphur, or sulphurous or sulph-hydrous vapors, — let limestone 
he also present, and water on the surface or in the atmosphere, 
AND WE SHALL KBADILY HAVE GTPSCTM." The origin of the saltness 

of the ocean is still a mystery in science ; equally ini-olvecl in 

doubt and conjecture is that of the other member of the series, 
the rock-salt formation. The generally adopted theory, however, 
is, that it was dependent on volcanic agency for development, as 
it both contains, and is uniformly associated with, the acids, and 
other materials found in connection with volcanoes. The chlorides 
of sodium and gypsum, for example, are at present sublimed from 
volcanic vents ; vapors charged with sulphuric a^jid are constantly 
issuing from the same sources ; and these passing through or as- 
sociated with the saline wafers of the period, must have aided in 
the formation of rock-salt and gypsum, which occur more fre- 
quently in irregulai- masses than in true stratified deposits. An 
additional coiToboration of the theory is inferred from the ciremo- 
stance, that the gypsum accompanying the rock-salt is anhydrous, 
that is, free from wafer before exposure to the action of the atmo- 
sphere. Hence the conclusion, that the consolidation of both the 
rock-salt and the gypsum must have been effected by the agency 
of heat, as, by means of aqueous deposition, a hydrometric influ- 
ence would have been sensibly perceived. 

Wonderful certainly is all this — the inclosing, the consolidation, 
the arrangement of these remarkable substances. The sea, in the 
first instance, may readily and abundantly have supplied all the 
elements of the formation ; but how collected and retained, crys- 
tallized and incrusted, layer upon layer, over the rocky bottom 
and volcanic inner chambers, are points still of nice geological 
inquiry. The celebrated salt mines of Cracow, in Poland, are 
wondrous operations of the art of man, into the still more 
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wondrous products and recesses of nature. Here the entire 
arrangements of a city are almost perfected ; the streets, market- 
place, chapel, rivers, reservoirs, grottoes, and all the requirements 
of comfort and safety gleaming in a blaze of saline crystals. 
" Scoop'd in the briny rocJt long streets extend 
Their hoary course, and glittering domes ascend; 
Down the bright steeps, emerging into day. 
Impetuous fountidns burst their headlong way. 
O'er milk-white vales in ivoiy channels spread. 
And wondeiing Seek their subterraneous bed. 
Long linos of lusters pour their trembling rays, 
And the bright vault returns the mingled blaae," 
The deposit near Oraeow is worked on four different levels or 
stories, divided into immnaerable compai'tments, with thousands 
of excavations in every direction, and descending to the vast depth 
of one thousand feet helow the surface. The length of the seve- 
ral passages, in their windings and turnings, is calculated to be 
nearly three hundred miles ; about two thousand men are con- 
stantly employed in the mining opei-ations ; and, though the ope- 
rations have been carrying on for the known period at least of six 
hundred years, the mass of rock-salt in the locahty is still of inex- 
haustible extent. 

The mines in our own land are equally remarkable after their 
kind, and cannot fail to interest, if not to astonish, the neophyte 
who ventures a descent. From the mode in which they are worked, 
the huge pillars left to support the roof, the thousand lights that 
illuminate the caverns, the reverberations from the blasting which 
at intervals ring through their depths, a grandeur and impressive- 
ness are imparted to a scene which scarcely any other combina- 
tion of objects could produce. And another world — a world of 
coal and iron — in a]l its magnificence and riches, lies interred 
tinder these glistering stores of lime and salt ! How strangely 
contrasting in their qualities and structure the two formations. 
But except that a wise and far-seeing Providence collected and 
garnered up the waste and decay of both for man's use, no prin- 
ciple have, we to guide us when speculating on their mineral pro- 
perties and arrangement — ^no natural law certamly, self-acting 
upon matter and evolving new creations of its own, organic or 
inorganic, to reveal His inscrutable purposes. 
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CHAPTEit III. 
THE OOLITIC OR JURASSIC SYSTEM— AGE OF REPTILES. 



Whbn one is about to travel, or to undertake a journey of any 
distance from the daily beat of home, it is very seldom indeed 
that he puts into his pocket a book of science. Voyages, travels, 
a review at most, or the newest novel, may fill up a spare pIa«o 
in the portmanteau: anything that requires study, or would draw 
upon the i-efiective faculties, can be no fitting companion for the 
occasion, with at least nine-tenths of oui moving public. 

If the preceding ^ ages have beeu perused with any attention 
at all, it is to be hoped that ofiier things will he considered as 
worthy of a passing glance, as sure we are they cannot fail to he 
replete with lessons of instructive wisdom. On the ground of 
mere ephemeral curiosities by the way, geological matters claim 
consideration. They are exhaustJess, too, and ever varying as 
you proceed. When you imagine that the last mountaiu rock or 
qiiarry contained the whole catalogue of Natural History, and 
showed you more than Goldsmith, or Butfon, you find that over 
the next ridge, or in the neighboring field, there are new sub- 
jects for study, and still renewing matters for wonder. 

If you have taken up your abode for the night at classic Rugby, 
at sporting Melton-mowbray, or among the academic bowers 
of Oxford, there are objects aU around, in every hill-side, ravine, 
or railway section, fo £11 you at once with admiration and 
astonishment. Go, inquire of that rock. It is the lias limestone; 
beyond it, and at no great distance, lies the oolite; and there, in 
the immediate vicinity of hotii, you have the Stone^M date. We 
invite you to examine any one of these common-place looking 
stones ; and not in Gulliver, not in the history of the Knight of 
La Mancha, not in all the Mysteries of Udolpho, not in the 
(183) 
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184 THE ooirnc ob jukassiu sysiem. 

Eomance ot the Fojest t^Iiosl iiirmo nous periods so charmed 
our youth will you fii d an^ thinij to compare with the mai 
\els there n to be d ^i-losed Tl c machinery oi a tile raaj 
requiic the aid if giants and genu but here la truth without 
t tion more btaitling mirreloua and so beyond the bounds 
of uaturt, as now felt and seen that the most dannj, fancy is 
utterlj outstiipped m its loftiest flights into the regions of the 
ideal The senea of beds which constitute the minera] leatures 
of this tiien ive distnct contains the full deieljpment of the rep 
tiliin type to which we nere iatrodui,ed m the last ohaptei Am 
mals theie are m these locks with forms and features so fan 
ta^t and appaienfly ditproportioned that the tales of the most 
unscrupuloue tiarelei m uld tuffcr m eompaiison And in huth 
theie j'J no pa^, m the hoik ot nit ire— none ceitainly in all 
the woika of man — '^o frau^jht with wonders ot remaikable for 
Btiiring inc dtnt a. the epoch of m j ai life whose h story is theie 
inscribed. 

I. The Natitub of tub Eoces. The oolitic or Jurassic system, 
]jke tJiat of the new red sandstone, comprises the subdivisions of 
two well-marked natural groups, in which the lias or lower series 
is included. In point of geographical range, the oohte formation 
is extensively distiibuled over the surface of the globe; in 
mineral character it is varied in every possible degree of texture 
and composition ; in geognostie arrangement there are intercala- 
tions, without end, of marine and terrestrial detritus; the organic 
a the greatest profusion, both as to diversity of type 
i of new creations ; and, locally, such has been the 
appreciation of its various members, that there is scarcely a town 
or parish in the south-eastern part of England, that has not 
received from or given habitations and name to, some one of its 
numerous subdivisions. 

Resting upon the triassic formation, there are bands of lias 
shales, limestones, sandy and fermgmous strata, and upper shales, 
including nodular concretions and beds of limestone. This aeries 
is distributed over the counties of. York, Northampton, Somerset, 
and Dorset. The next are the lower oolites, which comprise an 
extensive series of calcareous, concretionary sands and sandstones. 
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limestoae, iliin seams of coal and li^eoiis clays, aiid the Corn- 
brash limestone, whicii in many localities is a mere ^gregation 
of shells and oilier marine exuvise. The Stonesfield slate, the 
Forest marble, and the Fuller's eartJi beds, are included in the 
groap, ranging ^ong the Torkshire coast, thi-ough Horihampton, 
Oxford, and Gloucester shires ; and in Scoflaad we iave their 
equivalents in the Brora coal and oolitic limestone of Sutherland- 
shire, Skye, and tlie adjacent islands. The middle oolite suc- 
ceeds, which includes the Oxford clay, the Kelloway rock, and 
the coral-rag, ail more or less distinguished by tlieir profusion 
and peculiarity of fossils, chiefly shells, echini, and corals. The 
whole formation terminates in two well known deposits, fie Kim- 
meridge clay and Portland oolite, with lie bEinds of green and red 
eands, layers of chert and drift-wood. This group prevails in 
Oxfordshire, Berks, Wilts, Bucks, and the Isle of Portland ; the 
matrix of fossilized repUlia, fishes, and cycadeous plants. 

The term Oolite or roestone, as applied to the whole of the 
groups enumerated above, is derived from the resemblance be- 
tween the small rounded grains of which the limestones are gene- 
rally composed, and the roe of a fish. The Jura mountains, 
which divide France from Switzerland, consist mainly of these de- 
posits, and hence Jurassic — the Terrains Jurrassiqiies of continental 
geologists. The word lias is siiaply a corruption of liers (layers), 
and lias from time immemorial been applied to the rocks of this 
group. Their relation and order of superposition are fully brought 
out along the sections of the Great Western Rdlway from London 
to Bath. The Birminglam line from Derby by Rugby to tlie 
metropolis intersects nearly every member of the series, until they 
are covered about Walliugford by the chalk. 

When one looks at these innumerable bands of rock, and the 
great diversity of eartiiy matter of which they are composed, the 
mind becomes utterly overwhelmed by the rapidity ajid vastness 
of the changes which, during this epoch, occurred upon the sur- 
face of the globe. A tuxhid, and often agitated, condition of the 
waters in which they were deposited is very clearly indicated. 
The animals of the period were manifestly of a class pecuharly 
adapted to the impregnated element, the slimy banks, and shal- 
lows which prevailed. The flora was abundant, of a kind, and 
10 
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a circumstaiices, fovorable for tlie foi-mation of a lignite 
coal. The spasmodic action which prevmled after the deposition 
of the carbonifei-ous beds liad not entiiely subsided at the Permian 
period. The change was of too violent a kind to have been 
brought about without great internal, as well as external, com- 
motion. We find, accordingly, in most distiiets, that the rocks 
of tliia class are upturned and disrupted. The detritus of the 
new red sandstone and magnesian limestone, thereby occasioned, 
would go to form new land daiing the submergence of such 
porliona of the surface as were retained beneath the waters. The 
oscillations wei* numerous and frequent, corresponding with the 
aggregate of beds which compose the system ; while the quality 
and arrangement of the sediment point to changes and alteratjons 
in sea-ierels, river courses, land boimdaries, estuaries, the size 
and distribution of the basins into which ihe alluvia were trans- 
ported. The geographic extent, combined with the frequently 
insulated position of the oolilic series, clearly demonstrates a vast 
alteration in the bed of the ocean, as well as in the ridges aad 
elevations which gave diversity to the laud. The oolites, in fact, 
constitute vast calcareous reefe, raised upon the inverted strata of 
the older formations, which formed the cliffs and headlands of a 
sea swarming with lizards and crocodilians, and over whose tiiick 
umbrageous banks roamed the flying pterodactyle, watching or 
perhaps escaping from, the singular saurians that reposed in the 
thickets beneath. The substitution of the pyritous days for the 
saliferous marls; the dark argillaceous oolites and blue mottled 
lias for the yellow crystalline dolomite, is in harmony and keep- 
ing with t)ie plants and animals which now, for the first time, 
sprang into existence. 

II. TsB Obgakic Remains are very abundant, and in both 
plants and animals there are various new kinds. Of the former 
are the cycadese, allied to the existing pine-apple ; also the lilaec», 
and some other undescrihed genera. With regard to animals, 
this has been emphatically called "tbe age of reptiles," along 
with which there aie new families of fishes, cnistaeea, mollusca, 
and corals. The warm-blooded animals now for the first time ap- 
pear, of which there are two genera, the AmpUAmwn, and Phas- 
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colotheriwm, found in the Stone«field slate near Oxford, aad 
considered, by analogy of stmoture, to be allied to the marsupi- 
als that inhabit the Australian continent. The same interesfing 
locality has furnished two new genera of insects, the PHorvus 
Oolitkws and Goecinella Witlsii; in the lias, of different places, 
eleven genera and species have been discovered, bat of which 
only wings and fragments have been obtained. A perfect speci- 
men of this order has recently been foimd, by the Eev. P, B. Bro- 
die, in the upper lias, near Cheltenham, resembling the genus 
diplox; bat so shattered in the bead, that its precise ebaracter 
cannot be determined. The reptilians supply alike new terrestrial 
and marine tortoises and turtles — lizards, whose a.rms and legs 
were provided with a filmy membrane, like bafs, to enable them 
to liy — amphibious sauwans, and water sanrians unlike anything 



Contrast this catalogue with the few organic remains ia bo met 
witb in flie preceding period, and ask what called such a newly- 
inhabited world into being ? The face of nature, so remarkably 
elaborated out of the waste and decay of these old stony materi- 
als, is moving all over with life — ^replenished, so far as yet dis- 
covered, with seventy-five generic and specific forms of new 
vegetation-— a hundred and ten new forms of hard-working coral- 
lines — seven hundred and tiiirteen genera and species of the 
shelly tribes, from the simplest (o the most comphcated of the 
chambered orders — a hundred and sixty distinct races of fishes, 
placoids and ganoids — three varieties of the most strangely con- 
structed mammahan quadrupeds, with thirteen kinds of insects to 
titillate and keep them in action — and all this array of organic life 
moving side by side with forty families of gigantic reptiles, her- 
bivorous and carnivorous, creeping, swimming, and flying ! The 
wondera of art have nothing to compare with this. The structure 
of a blade of gi-ass will not suffer an atheist to live. During the 
six thousand years of man's existence, one new living thing, of 
any order or type, has not been called info being. Astronomy is 
daily adding to her achievements, and penetrating farther among 
the systems of the universe ; b\it the nebulai- theory of creation 
is gone, and the new-world germs will not expand at its fanciful 
bidding, Geology nobly bears testimony in every page to the 
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rule of one supreme intelligent Creator — an exuberance of life 
and forms wMoh announces the authoritatlTe interpositioii of Him 

"Whose word leaps fortli at once to its effect; 
Wlio calls tor things tliat aie not — and they conio." 

And Ihe mindite goes forth m that, aivful simplicity of Oitmpo 
FENCE whicli learning cannot mystify nor ignoiance oveilooi 

This foimation abounds in fheiemains of radiata mollusea and 
erostacea — all of them diffenng spewfieally fiom those of tlie 
older secondary strata The giganti;, crmoidea of the carbonifer 
0U3 age h\ye disappeaied succeeded only by a few dwirfish ape 
eimens of the i/£iociinUe and penticiinite while the ammimies 
nidik -in incieasp of n>,ailv two liuudied species, piescned m 
tie most pLrteut st ^te m tlie •'holsti ind hme'^tone^ ot th^ ha', ind 
oolite 



Ai«4ji*.-^ 



1 Ammonitps obtvisuB 2 Section of Ammonites oMubub sliowing tke in 
tinoi clianiberB ■ind Biphnncle 3 ^mraonitea nodi am 

The tei-m Ammonite has been he'itowed upon this jemirkahle 
shell fish fiom its fincitd resembKnoe to the cuiyed horn on the 
head of the fetatue of Jnpitet Ammon The spual form of the 
shell IS dmded into seveial chimbers or cumpai tin eats, all of 
which are connected by means of an infenor tube or siphuncle 
It belongs to the order of Cephalopoda, among which are inclu 
ded ancvloceios bekmmtes nautilus orthocciatitc and oUier 
manj chamheied shells Lite the nautilus the inimonite was 
gitted with a '^ingulw appiidtus by which it could pursue its in 
stincts eithei at the bottom or on the surf'u.e ot the element in 
which it hied The organs of motion were anmged lound the 
head (hence the name ceplwlopoda) and bj the nicely adaptive 



Host.d./Gciogic 



AOE Olf REPllLEi!. 189 

arrangements of jiatui'e, tlie outer tliambcr of the shell was capa- 
ble of retaijiing tte entire body of the animal, while the interior 
chambers were hollow, thereby rendering the whole structure of 
nearly the same specific gravity with the waters in which it moved. 
An elastic tube passing through the siphuncie connected the cavity 
of the heart with the extremity of the shell, which enabled the 
animal to contract or expand itself ae its esigeacies required. 
Being filled with a dense fluid, excreted by the glandidar organs, 
tto creature, when alarmed or wishing to descend, withdrew itself 
within the outer chamber, whereby the contraction of the tube 
forced the fluid from the heart into the siphuncle, and increasing 
the gravity enabled it to descend to the bottom. Upon a reversal 
of the pi-ooess— the simple projection of the arma of the head, 
and tlie consequent expansion of the body — the ammonite rose 
with equal facility to the surface, disporling itself at will in its 
native element. With a view to resist the pressure, when at tJie 
bottom, a provision was made by means of the arck-form in the 
structure of the shell ; and, additionally, by tlie insertion of a 
series of transverse ribs, which comprise all the mechanical con- 
trivances for giving strength and solidity which are sought by 
the divisions and subdivisions in. the vaulted i-oofs of our Gothic 
architecture. The geographical distribution of the ammonite par- 
takes of the universality so marked iu the vegetable economy of 
the carboniferous age, the same species even being common to 
Europe, Asia, North and South America ; and always, along with 
all its numerous congeners, manifesting tlie most striking examples 
of that adaptation of means to ends which prevails in eveiy de- 
partment of creation. 

"We shall now select a few details of the more remarkable of the 
reptilian types of this period, referring the reader to the ample 
and graphic descriptions of Buckland, Conyheare, Mantell, Phil- 
lips, and more especially to the Reports of Professor Owen, in the 
volumes published by the British Association in 1840-'l. 

1. The first genus to he noticed is termed the Ichthyosaurus, 
which partakes at once of the characters of crocodiles, lizards, 
and fishes. So lavish has nature been in providing for the accom- 
modation and wants of this anomalous creature, that to fie pad- 
dles of a whale, is added the sternum of an omithorht/nc/ms; the 
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head of a lizard is joined to tlie vertebris of a fish ; and tie snout 
of a porpoise is combined with the jaws and teeth of a crocodile. 
The magnitude of tlie eye is prodigimia, and the jawa, sometimes 
exceeding six feet in length, are studded with an apparatus of 
teeth, amounting in some instances, to a hundred and eighty. 
" From the quantity of light admitted in consequence of the pro- 
digious size of the eye," says Dr. Buckland, " it must ha^e pos- 
sessed very great powers of vision : we have also evidence that it 
had botli microscopic and telescopic properties. We find on the 
front of the orbital cavity, in which tlijs eye iras lodged," — a 
cavity sometimes fourteen inches in diameter, — " a circular series 
of petrified thin bony plates, ranged i-ound a central aperture, 

where ouce was placed the pupil ; the form Euid thiokrtess of each 

of these plates very much resembles that of the scales of the arti- 
choke It also tends to associate the dnsmal m which it existed, 
with the famdy of lizards and exclude it from th^t of fishes." 
These bony plates gave stiength to the surfice of the eye-ball, 
which required piotection above and below, fiom the dashing of 




the waves when it roared its head to the storm, and from the pres- 
sure of deep water when it seoui-ed the bottom. The nostrils, it 
would seem, were placed so close to the anterior angle of the eye, 
as to render it impossible to breathe -vvithout rmsmg the organs of 
sight to the surface of the water. An ocean, peopled with such 
monsters ! Imagine so many eyes, larger than a man's head 
studding its surface, and illuminating, as with fire-balls, their ter- 
rific jaws, glaring out from the briny flood ; and what a scene to 
gaze upon, so different from all that now covers these rich alluvial 
plwns I 
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2 The Plesicaurus is allied in some reipeets to the fomtei but 
in tbei pomta diffei-9 ao mifeiiaUy and po&aessi.a chaiacter& so 
Ktnige as to Jaim foi it a deoree of monsti isity unparalklpd 
e\in amid the iiuns of the tld ^orld Here we haie the union 
f I the 661 pent and chameleon with a trunk and tad having the 
pioporticns of in (idinaiy quidruped The mech^miam. of the 
hinj,' Viid rihf: IS pecuhai ihowing that the animal must hi^e 
ficathed with ^ui-h toite and lapidity as to have rendpred the 
colci of tlie sLm changeable like the chomelemoi dying dolphm 




The neck bore a resemblance to that of the swan ; the feet and 
motions were allied to those of the turtle ; and, from the varied 
intensity of its inspirations, it is conjectured that the creature in- 
habited the shallow pools and marshy waters along the coast. 
The body would thus be concealed among the rank vegetable 
aquatics ; while, with its long flexible neck, it would be prepared 
suddenly to pounce upon its prey. Mr. Conybeare compares the 
Plesiosanrus to a turtle stripped of its shell ; and the ribs, being 
connected by transverse abdominal processes, present a close 
analogy to those of the chameleon. Ichthyosauri and Plesiosauri 
have been found in the secondary strata, from the lias to the 
chalk inclusive ; of the former, twelve species are known and de- 
scribed, and nearly twenty of the latter. The most remarkable 
of the enalio-sanrii or marine reptiles, is the Plesiosaurus-dolicho- 
deirus, discovered in the lias of Lyme-Ke^s, and which is fertile 
in the remains of all the animals of that remote and wonder-pro- 
ducing epoch. 

3. Another example, taken from the lias, is of its kind even 
more startling than either of the preceding. This consists of the 
remains of an animal called the Pterodactjie, or flying reptile, 
which, more than anythmg ever conceived or bred in poet's 
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brajn, resembles ivlitit Milton must liave intended, when to the 
great arch-fiead he gave a fonn and flexibility of body, that 
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dium through which it passed, in quest whether of pleasure or 
Bnbaietence. The hands were of the 'moat prehensile character, 
adapted by the claws attached at once to fix and firmly grasp its 
prey, and, when needed for pursuit, to swing itself squirrel-like 
from branch to branch, and from tree to tree. The wings re- 
sembled those of the bat, but in length and size allied to nothing 
in existing nature, and findingtlieir match only among the dra- 
gons of romance. Then, as to feet and limbs, these were of such 
a construction as to allow the animal safely to repose after its toils 
in a standing position on the ground, or to perch on ti'ees, or to 
climb on rocks, or disport from cliff to cliff. The eyes were large ; 
the wings terminated in fingers, from which projected long hooks ; 
the beak was furnished with about sixty sharp piercing teeth. No 
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wonder that naturalists were astonished at suoli heterogenous 
oombinations, as Ihey rose upon their siglit — 

" That look not like the inhnbitaiita o' the eoiUi ; 
And jet are oii't ; " 

and knew not ■whether to ascribe tliem to the air, or the earth, or 
the domain of ■waters. But, in tlie hands of Cuvier, tlie entire 
structure and relaiions of the several parts of the framework have 
been explained and developed ; the libellulK and other insects on 
which they fed bave been detected in the same rocks with their 
own relics ; and out of that apparent mass of inconsistencies and 
contradictions, the genius of the skillftil anatomist has produced 
one of the most striking examples of the harmony that pervades 
all nature, that has been extended through all ages, and that 
manifests the bounteous care of the common Creator in adapting 
all living things, each after its kind, to the conditions of its ex- 
istence, 

4. The Stonesfield strata belong to the lower division of the 
great oolite. The slat* of the district has been long known and 
prized for roofing purposes. The village of Stonesfield lies about 
twelve miles to the north-west of Oxford, beautifully situated on 
the brow of a valley, both sides of which have been deeply exca- 
vated for the extraction of the slate. Woodstock and Blenheim 
are both in the vicinity, neither of whose remarkable heroes ever 
dreamed of the mighty wars, waged in a far distant age from 
their own, by the fierce ass^lauts whose remains have now been 
disturbed by these operations. Here are abundant the remains 
of palms, aborescent ferns, seed-vessels, leaves, stems of several 
genera of coniferse, and traces of reeds and grasses. Wings and 
their cases, the elytra of beetles, and other relies of insects, are 
mingled with the teeth, scales, fin-bones, rays of fishes, in the 
greatest profusion. And here, on the site of this ancient mena- 
gerie or hatfle-field, are the only known vestiges of mammalian 
animals in the secondary formations. One set of these remains 
resembles the Wombat, a marsupial didelphys of Wew South 
Wales ; the other remwns indicate a small insectivorous mammal, 
the Amphitherium, witli thirty teeth in the lower jaw. Australia, 
therefore, supposed to furnish evidence of an entirely new order 
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of things, has been long anticipated in all ita types of plants and 
animals by the denizens of our own land— our waters swajmmjf 
with cestraceonts, trigonise, and terebratiilfe — and our fields 
clothed with araacarise and cycadeous plants — when peihaps but 
little of that continent rose above the waters. 

5. The DiHosAusiA constitute a tribe or sub-order of the lacer- 
tians, chara«l«riBed by the large development of the sacrum, the 
dorsal vertebife, the hones of the extremities, which are all pro- 
vided with iarge medullary cavities. Of this tribe tliere are 
three well established genera — the MegaJosaurus, the Hylseo- 
aaurus, and the Iguanodon. These were the giganiic crocodile 
lizards of the dry land, whose peculiarities of osteological struc- 
ture distinguish them as clearly from the modern ten'estrial and 
amphibious sauna, as the opposite modifications for an aquatic life, 
characterize the extinct enaliosauria, or marine liaards. The 
Dinosauriaus belong properly to the Wealden fresh water forma- 
tions, which may be regarded as the ti'ue habitat of this order of 
terrestrial fossil reptiles. 

The MegalosauvuB was first described by Cuvier, and the 
family determined; he calculated the dimensions of the animal 
at from forty to fifty feet in length. Professor Owen, from better 
preserved specimens, has reduced it to thirty feet long i the head 
is five feet, the length of trunk with sacrum thirteen feet, and 
the tail about the same, allowing the Megalosaur to have had 
the same number of caudal vertebrse as the crocodile. The sa- 
crum consisted of five anchylosed vertebrre, new in saurian 
Miatomy; the hind-legs measure two yards, a metatarsal bone 
thirteen inches ; the teeth are of corresponding dimensions, aud 
curve backward in the form of a pruning -knife. The structure 
of the jaw indicates a long projecting snout, while the curvature 
of the teeth fitted them to retain like barbs the prey which they 
had once penetrated. AD the organs of the monster declare 
the Megalosaur to have been a land animal, of carnivorous pro- 
pensities, and in all probabihty performed, as headsman the same 
office upon the smaller herd of reptiles, sometimes maiing a 
snatch at a Plesiosaur, as both in turn did upon fishes and crus- 
taceans. The sport of an Indian jungle is child's play compared 
to the onslaught of these grim kings amidst their ancient pre- 
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serves. The remains occur in, the deposits at Malton in York- 
shire, Cuolifield in Sussex, Bath, the Purbeck limestone, Tilgate 
Forest, and the Wealden. 

The next genus of the land reptiles was remarkable for the size 
of the horny plates by whicli the body was protected. This is 
the Hylseosaurus — that is, forest-reptile — about twenty-five feet 
long, and covered with a series of large, flat, and pointed bones. 
These vary in length from five to seventeen inches, and are from 
tliree to seven and a half inches in breadth. In addition, as 
showing the kind of warfare to which he was exposed, a ridge 
of thick thorny scales pass along the back, and form an enormous 
dermal fringe, like the spines on the ba«k of ffce living iguana 
tribes. Tlie skeleton of the Hylceosaur has been found nearly 
entire, and all the parts in almost natural juxtapositjoa. The 
Wealden of Tilgate Forest, the deposits at Bolney and Battle of 
the same formation, contain the remmns in considerable abun- 
dance. 

What shall be said of tke next figure that crosses the tragic 
stage, during this age of tyrant prodigies? The Iguanodon — a 
gigantic herbivorous lizard — is related to a family of harmless 
creatures (Iguana), which swarm in the West Indies, and in all 
the tropical forests of America, in certain peculiarities of the 
teeth greafly differing from those of other reptiles. The largest 
of living Iguanas, do not exceed five feet in length ; the extinct 
genus attained a longitude of upward of twenty-eight to thirty 
feet. The caudal member was about thirteen, head three, trunk 
with, sacrum twelve, and the girth of tte body about fifteen feet. 
The teeth resemble the teeth of tlie rhinoceros as to bulk and 
general appearance, and, consisting as they do of incisors and 
molars, were recognized to belong to the order of herbivorous 
quadrupeds. The thigh-bone exceeds that of the largest-sized 
elephant, being from four to five feet in height, and presenting a 
circumference of nearly two feet in its smallest part. This ani- 
mal, at its first discovery, was supposed to have attidned the 
exaggerated proportions of nearly a hmidred feet in length. But 
even under the reduced dimensions and more accurate deductions 
of Professor Owen, confirmed by those of Dr. Mantell, there is 
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filill size sufficient, as well as peculiarities of structure, to lead us 
to regard it as one of the wonders of geology. One femur of a 
recently-discovered Iguanodon is twenty-seven inclies in circum- 
ference, and must have been nearly five feet in length; and a 
tibia, found with the same, is four feet long. Dr. Melville has 
established the important physiological fact, that the cervical 
and anterior dorsal vertebra were convexo-concave, — that is, 
convex in front and concave behind, as in the existing pachy- 
derms ; wliile the reverse form, the concavo-convex, predominates 
in the existing crocodilians and lizards. It is farther established, 
that in the Iguanodon as ia many fossil and recent reptiles, the 
anterior extremit es w ere much shorter and less bulky than the 
posterior. Aa » tl e existin^ family, so in the extinct, the huge 
tody ipas omamenlfid with a horn of bone which projected from 
the nose. Thi nisal oi^an seems to have been worn more for 
decoration than i r use unless perhaps, to assist in perforating 
its way through the thickets ot vegetation on which it subsisted, 
to push aside an unwelcome intruder upon his pasturage, or as a 
mere set-off against the unprecedented length of tail. Imagine a 
herd of these monsters feeding in a prmrie — the denizens of a 
period when all tilings partook of the gigantic ! " The concur- 
rence of peculiarities so remarkable," says Buckland, "as the 
union of this nasal horn with a mode of dentition of which there 
is no example, except in the Iguanas, affords one of the many 
proofs of the universality of the laws of co-existence, which pre- 
vailed no less constantly throughout the exljnct genera and species 
of the fossil world, than they do among the living members of the 
animai kingdom." Professor Owen writes — "No reptile now 
exists which combines a compUcated and thecodont dentition with, 
limbs so proportionally large and strong, having such well-deve- 
loped marrow-bones, and sustaining the weight of the trunk by 
syckon^mis or anchylosis to so long and comphcated a sacrum, as in 
the order Dinosauria. The Megalosaunis and Iguanodons, rejoic- 
ing in these undeniably most perfect modifications of the reptilian 
type, attained the greatest bulk, and must have played the most 
conspicuous parts, in their respective characters as devourers of 
animals and feeders upon vegetables, that this earlh has ever wit- 
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nessed In oviparous and cold-blooded creatures. They were aa 
superior in organization and in bulk to the crocodiles that pre- 
ceded them as to those which came after them." 

6. We close our enumeration of these fossils by simply stating, 
tliat the cRocoDiLiAHB also flouiislied at this period. The living 
species are twelve in mimher, all remarkable for the size of their 
mouth, and their exuberant abundance of teefii. The extinct 
species were nearly as numerous, but all more allied to the gav- 
ifils of New Holland than to the other members of the family. 
They seem chiefly to have subsisted on fishes, while their modem 
congeners are furnished with powers which enable them to prey 
upon mammalia and other quadrupeds. When Hobbes, the 
philosopher of Malmesbuiy— the old haunt of all these monsters — 
adopted the title "leviathin toi hia pohtioal and anti-Christian 
views, he did it more in den'iion of the name th-m from any belief 
that such things as the teim represents h-\d ever or could ever 
have existed " in rerum natura Plibous even now, to whom 
the subject is presented for the first time will turn with aversion 
from its detauls under the miiuence ot the very opposite feelings 
from those of Uie infidel metaphysn-iau The evidence of facts 
however, will yield neither to prejudices nor to theories. And, 
while we dream not of representmg thi, pafrnreh of Ua as drawing 
his inferences from geology still his mmd wis ilive to convictions 
of the grandeur and diversity of the works of rrLttion — to a sense 
of his own ignorance — and filled it the same time with awe and 
veneration at the unsearchable wisdom of the ways of Providence. 

THOU PERCEIVED THE BUEADTH OP THE BABTH ? DuCLABE, IP 
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CHAPTER IV. 

THE WEALDEH" PORMATIOK". 



The Wealden formatjoo. is more local than any of the deposita 
we have yot considered. The tena has a particular reference to 
the district features of Kent, Surrey, Sussex, and Hampshire, 
known as the Wdds, from the German vxild, signifying a wood 
or forest : and as the geological position of the group is in imme- 
diate superior connection with the oolites, and inferior to the chalk, 
the character and history of the Wealden fall to he ^yen in this 
place. The Speeton clay of Yorkshire, displayed along the cliffs 
adjoining Filey Bay, is considered to belong to the same series as 
the ffoult or blue and gray marls of Cambridge, Kent and Sussex ; 
but it contains some characteristic indications of tlie Kimmeridge 
clay, and, therefore, we should expect that, in Yorkshire, these 
two strata are not separated as in the south of England. 

I. Nature and Extent or the Deposit. The Wealden is a 
fresh wafer or estuary formation, as is elearly established by its 
fossils as well as by its lithology. The group consists of layers of 
clay, sand, shale, with subordinate beds of limestone, grit, and 
friable sandstone. The Hastings sands, Tilgate Forest beds, 
Tunbridge Wells depoats, and the Ashbnm lignite shales Mid 
ferruginous sands, are all constituents of the series. The Dover 
Railway traverses the formation between Red Hill and Ashford : 
the branch leading to Tunbridge Wells affords excellent sections 
of the clay and sands. Thiis occupying, in an irregular triangu- 
lar form, the south-east of England, the wealden again emerges 
in the principality of Hanover, and other places in the north of 
Germany ; continuing in the same course, it is again found on the 
British shores, occurring at Linksfield, near Elgin, 

(198) 
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It would not be easy to restore, in imagination, the surrounding 
aspect of the superficial area now occupied by patches of the 
wealden formation. Take your station ou the Peak of Derby, or 
Shotover Hill, or the heights of Ivanhoe — not so perilous adven- 
ture as that of the heroiue of the tale on the battlements of Mal- 
voisin — and you overlook a vast extent of vale and woodland, all 
then one broad expanse of water. This inland sea filled the whole 
intermediate district traced above, studded, in all probabihty, 
with islands, and fringed with shallows and rich arborescent head- 
lands. Sharks prowled and darted in every direction; pterodac- 
tyles may be descried looming along' the waste ; While in feiTOr or 
in joy, the plesiosaurus reared aloft bis far-stretching neck, and 
tiien withdrew iuto his fenny retreats. The sauriana, with their 
strong muscular jaws, are actively engaged, each according to his 
kind, by tke shores or in the waters ; while over the busy scene, 
the fierce-weltering ichthyosaurus looks iu wild amazement, his 
large eyes leaping in. their sockets, and spreading dismay among 
the tenants of the deep, as even now, when a kite enters a thorny 
brake, or pursues his stealthy flight over (be meadows and green 
lields of timid nestling bird 

ITor would the land animals be le^s actively employed in main- 
taining the laws of their cteation No skeletons of birds have yet 
been detected ; but theii foot-pimts, we have seen, are numerous. 
These clouds of insects, and other brdhant objects that flit witli 
such rapidity across the sky, bare all been stiiTed, and are leap- 
ing they know not whither, for the tread of a monster's feet is 
heard through tlie forest, mmled in plated bom thicker than 
AJHi's shield, and, pursued by another, presses and plunges on- 
ward in reckless baste. Imagine the many encounters during a 
single season between one set of the terrestrials only, the saurians ; 
of the class, there are the remains of the megalosaunis, the great 
sauriaa — of the geosaurus, the land saurian — of the hyheosaurus, 
the forest sauriaii— -of the teleosaurus, the perfect saurian, — all 
fitted with jaws and teeth, most cruelly bent on mischief, and re- 
strained by no brotherly sympathies when accident or bold de- 
fiance bring tJiera in the way of each other. The fell onslaughts 
of generous man, tribe against tribe, clan to clan, nation to nation, 
for some inconceivable nothing or unintended provocation, recorded 
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within the brief histoiical epoch, maj lecoiicile one to a pictura 
of the irrationals similaily engagi-d, and throughout periods of 
time sufficient foi the deposition of the entire oohtic series, before 
which the rule of eaithly dynasties shrinks into utter insignificance. 

These depositions aecompUshed, and successive races entombed 
within them, there is evidence that the floor of the ocean was 
raised above the waters, and that central Europe presented, all 
around, a breast of high land. There are various intercalations, 
in the series of marine and terrestrial deposits as well as of fresh 
and salt water fossils. Violent mtei-nal convulsions prevailed 
throughout the period, and the animals were all of a kind to care 
little for the war of the elements. Meanwhile a fresh water forma- 
tion b completed in many places a thousand feet in thickness, and 
consisting of a series of beds ; not continuous all round the shores 
of the oolitic detritus, but confined to a few localities, and char- 
acterized everywhere by its own group of organisms. TMs is the 
wealden formation. And the question arises, How this series of 
fresh water clays, and sands, and grits, was produced at a time 
when the sea prevailed so universally over the whole of conti- 
nental Europe, and the eastern division of Great Britain? The 
soluidon is simpler than at first sight might appear, when viewed 
in connection ivith the existing distributjon of all our great primary 
formations. The eitent of dry land wis such as to furniah water- 
shed for numerous rivers The mountains supplied the dctrital 
matter. This was bro«t,ht tn the iner s mouth wheie it formed 
deltas ; or spread out tn the floor of estuaiies where it leceivcd 
the few marine fossils which are found m the formation Oast 
your eye along tliP geological map of WP'item Europe and — in 
the mountains of W<iles the sihimji district of the north west of 
France, the primaiy rocks of the tiihutane'^of the Elbe the Harta 
mountains, and the gneiss and giinites of Sutheiknd and Caith- 
ness — we have ill the mateiials and lequiaites that are nei,essary 
for the silting process of the wealden its accumulation and geo- 
graphical distribution as referied to in its iinge and extent 

The continuity of the coasts ot Fiance and England IS herein 
supposed, and, upon geological data, this is a matter of far simpler 
inference than the framing even of a political constitution that will 
stand a decade of the years of om- fleeting pilgrmiage. The 
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vision of Plato's Atlantis in the great ocb i m tl 1 

gist'9 creed a reality, who believes ttiafc t tm t m fc 

liave eidsted on our south and west, all w k d wh 1 d 
in the deep abyss, A chain of islands Id j t d t th 
positions of the Alps, the Pyrenees, th C p tl d th 

Caucasian ranges, all then overlooking cent al and a^t E p 
not yet elevated above the waves. " At th p d y P 
fessor Ansted, "it is most probable that no great east and west 
subterranean movement had acted on the part of the earth's crust 
now above tlie water in the northern hemisphere, aad possibly the 
first intimation of such a disturbing force, may be ti'aced, yiough 
faintly, in the existence of a considerable estuary, in which our 
wealden beds were deposited. From the condition of the upper 
Portland beds, we find, that, just at the close of the oolitic period, 
there were very numerous changes of level induced over a small 
area in tlie south-east of England, then, most hkely, not far from 
the coast line of a large continent." 

It may seem to many presumptuous, and beyond all the usual 
latitude of exaggerated description to attempt to dwell thus 
minutely on physical arrangements, and a vegetable and animal 
economy, so remote and beyond the sphere of obseivation Re- 
markable enough that our great healing springs ot Bath, Chelten- 
ham, Leamington, Tunlsidge, and Harwich, are all situated 
among, or have flieir origin in, the series of deposits we have been 
considering. But the judgment, more than the fancy, is employed 
in studying the geography of tlie ancient world, in looking out 
from the heights around, and trying again to unite the Waters and 
the dry land, to recall the vanishing traces of former sea-marks, 
and from the disinterred remains of the remarkable races that 
inhabited the island, and swarmed ai-ound its coasts, to contem- 
plate the ways and doings of 

" That Eternal Mind, 
Who boilt the spacious uniTerse, and deeied 
Each part so richly witli whate'er pertidna 
To life, to health, to pleasure." 

And these three blessings all are striving to maintain, to restore, 
or to acquire. Life, health, pleasure — these are the great stimu- 
lants to all human exertion, and how beat to promote them ought 



d ./Google 



to be tJie ^m of Luman study. Tlie suite of rocks wliioh com- 
pose the carboniferous system is one clearly of pre -arrangement, 
and designed for man's use. Tte strata, now beneafJi us, as 
undeniably evince a like beneficent purpose. The treasures of 
saline roek, gypseous marls, iron sands, and pyritoua clays, may 
be mysterious all, in their origin : but their uses and their ends, 
human wants and frailties have long since established. The 
cravings of appetite satisfied, every creature has an instjcot, which 
unerringly leads it to seek a remedy against injury and disease ; 
and a provision for the one equally with the other, has been made 
by Hi(p. who notices the sparrow in his fall, and careth for the 
ravens of thfe. desert. Slow of apprehension the mind, thatcannot 
discern in the strata under review, a Striking instance of foresight, 
a gift of benevolent wisdom, recesses Jong since stored with medi- 
caments and restoratives for human frailties ; and, though no 
angel now is there to trouble the waters, a kind Providence has 
desio-ned them, and a good heart will use them, as tokens of its 

II. Thk Orgabic Remains are chiefly of a fluviatile and terres- 
trial character. The beds in which they occur were deposited in 
the channel, or delta, of a river of great breadth, and demonstrate 
the existence of a large extent of neighboring country. These 
beds range from Hastings into Dorsetshire, but are not found to 
the north of the Thames. In Portland and the Isle of Wight they 
likewise exist with all their peculiar organisms in the greatest 
abundance. In the latter locahty, the wealden beds form the cliffs 
between Atherfield Point and Compton Bay ; they also overhang 
the Bay of Sandown. The Purbeck beds and sands are well dis- 
played at Duidle Cove Warbarrow, and Swanage Bays ; and in 
the Vale of Wardour the same strata aie de\ eloped. In every 
one of these beautiful, pictuiesque, accessible, and very limited 
districts you have congiegated specimLn'. of the fauna and flora 
of riverij, groves, forests, and plains, which have no longer a place 
on the terraqueous globe Compjied with the hving or extinct 
races they con'.titute a chaptei in natural history nowhere else to 
be seen or studied 

Thus of eight genera of plants m the wealden, there are 
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only four common to it and tlie oolites, but not a single species. 
Of the hundreds of zoophytes in the older formation, not oae 
occurs in the newer. Twenty genera of insects existed in the 
period of the wealden, one only of which is prolonged from the 
antecedent period of oolitic hfe ; one new genus of Crustacean 
(the Cyprie), and five species ; while the conehifera have httle in 
common, save the mytilus and i\nio, and both of which, generi- 
cally, have been transmitted from the carboniferous ei-a. The 
fishes of the wealdea consist of seven genera, of which only one 
is new, the Sphenonchus. The reptilians amount to eleven genera, 
three of which present remains in flie oolitic group, Cedosaurus, 
Chelonia, and Megalosaurus — same species in both. The Oetio- 
Baurus belongs to the whale race of animals, and it Is singular to 
find, the tribe exhibiting the same stupidity, or hardihood it may 
be, in forsaking, tlien as now, their briny element, and seeking a 
grave in the clays and sands of fresh water shoals ! The Hylseo- 
saums and Iguanodon were both found in the Tilgate Forest beds, 
but have been noticed under the fauna of the oolite aeries, aa 
probably living in the age of, as they approach so closely in strac- 
ture and size to, the reptilian types of the deposit ; frequenting the 
woods and pastures, while their mighty cotemporaries were follow- 
ing their instincts in the seas and lakes of the district. 

It would thus appear that the close of the oolitic period of the 
earth's history resembles the close of the carboniferous period, in 
the sudden transition from an exuberant to a remarkably barren 
display of vegetable fossils. In the comparative scantiness of the 
sauroid family of fishes, by which the outgoing of the coal era is 
likewise distinguished, we may fancy another point of analogy in 
the diminufion of the monstrous reptilians that appears to have 
taken place after this series of deposits. May it be inferred that 
these two periods enjoyed a higher degree of temperature than 
has prevailed, either before or since, generally over the earth's 
surface, and more certainly in these northern latitudes ? Interred 
among the strata of both lie the remains of races, vegetable and 
a^iimal, which have perished : and what we describe by kmdred 
names are confined to chmes and regions basking near the equa- 
tor, and enlightened by other constellations. Then the alternating 
deposits of clay, lime, ironstone, coal, salt, gypsum, speak of 
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lakes and estuai'ies, rolling rivers and high lands no longer exist- 
ing in these parts. A few leaves of their annals are inscribed 
with forms of grotesque life, and stirring a,ctivities, which are 
there to attest the majesty of their revolutions. Geology, in little 
more than twenty years, has made the discovery, collected the 
facts, arranged and systematized the knowledge of the character 
and habits of the successive generations whose domain, whether 
of land or water, was so different from ours, and now all passed 

A higher temperature, froni ceEtral heat, will not explain these 
facts, for that should have prevmled more in the devonian, and 
still more ia the ailurian periods, — and of this we have no evi- 
dence. Appearances would rather support an opposite conclusion. 
The sweep of the comet again, resorted to upon occasions, may 
have destroyed, but could not maintain, such a state of things. 
A change of the polar axis, of the most inconsiderable extent, is 
demonstrated to be highly improbable, or almost impossible. And 
now, in the unwearied march of science, often baffled but never 
cast down, it has beeu announced as tlio probable solution of all 
the changes of the past, tkb pbogkession or the whole solar 
BYSTEM, whereby the earth, and all the sister planets, are dragged 
through infinite space, and brought successively within the sphere 
of new constellations — now in a hotter and now in a milder efflux 
of ether — combining its owu with a more general movement iu a 
universal whirl — and thus constantly subjected, in all its parte, to 
ever-varying external influences ! This, at least, is the ingenious 
theory of M, Poisson, which, he thinks, will account for the cen- 
ti'al heat of the globe, dipped for a tune info a burning atmo- 
sphere, and cooling off more rapidly on the surface, and will give 
a no less plausible esplanataou as to the extent and frequency of 
change effected on the surface. Geology Mid astronomy become, 
when viewed in this light, correlative sciences, and impart an illus- 
trative interest to the researches of each other. The lofty flights 
of the one are brought down, as it were, to more earthly things ; 
wliile tlie geologist, on the other hand, is lifted from his miry pit 
and downward studies, to meditate on the " sweet influences and 
bands" that harmonize and link all the planets in their orbits, and 
rejoices to see his own eaxth takiag part in the eternal music of the 
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spheres. He is pleased ia believe, according to the view of tho 
astvonomer, that this ball of stone and clay enjoys at times a 
vitality all over, which, waiins and cherishes into life natant forms, 
and creeping things, and flying dragons, whose development of 
powers could not have been sustained, on so great a scale, in the 
lower and less favored regions. 

Biit while the cause may be adequate to the effect — and in the 
approximation to the truth there is a feeling of satisfaction, an 
elevation of viaon and elasticity of thought, aa 

" Rays divine dart round the globe," 
— still the speculation referred to belongs rather to the poetry than 
to the pliilosophy of science, influencing the imagination more than 
the judgment, and trenching on relations that lie beyond the field 
of legitimate n 
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CHATTER V. 

THE CRETACEOUS SYSTEM. 



The history of our globe during the deposition of the Chalk 
Formation, and the changes therewith connected, have now to be 
considered. By whatever causes effected — from whatever sources 

derived the materials — tlie line of demai-kation is liere complete. 
The sands of Africa, BHddenly converted into or drifted over by 
the snows of the Alps, woiild not pi-esent a greater diversity of 
outline than is the transition to the geologist, when for the first 
time he steps into a chalk district, and marks the obvious contrast 
with all the surrounding scenery. From Gloucester into Wiltshire 
■we pass, as it were, into a new zone of latitude. 

The details contained in the two last chapters are in strict con- 
formity with the laws of nature ; the animals connected with the 
epoch possessed functions of hfe and an external adaptation of 
things suited to each other. Similar arrangements exist at pre- 
sent under nearly similar circumstances ; the tropical animals bear 
a close afQnity to the extinct races ; and show that, however na- 
ture may contrive to display her exhaustless powers of invention 
in her forms of living creatures, she still conforms to a type, and 
has her limits of divergence. The past and the present so agree 
in all essential points as clearly to demonstrate a wise and con- 
trolUng agency, a measure of enjoyment combined with an adjust- 
ment of figure, which, though approaching the marvelous, has 
resulted from design and the profoundest intelligence. Accord- 
ingly, the symptoms of the change we now witness are cotempo- 
raneous. With the cretaceoiis system are inti-oduced new mineral 
conditions, and along with these there are new forms of existence. 

The animab of the chalk and oolite periods are essentially dif- 
ferent — still gencrically shading, indeed, into each other — but so 

(906) 
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diffciing ra species and the tppbarajice foi the fir^t tune of new 
cieitions IS again to announce to us that we tread on saered 
Hionnd and witness m its airangement and contents the direct 
agency of Omnipotence We caa foim no opinion no notion 
■whitevei 111 these changes of the modus operandi We icmark 
simply the effects and science amidst all its otheiwi^e harsen 
\n i useless detaiSb, then achieves its bfties-t purposes when it thus 
ti-aces the footsteps and actings of the Great First Cause. 

I, RiNOE AND SrauoTURB OF THE CaAiK Pobmation. Con- 
sidered mineralogioaJly, this rock can never fdl to aiTest attention 
or inquiries, even among the least ohservant, as to its nature and 
origin, There is no trace of it in the northern poi-tion of the 
islaad ; and wten one for the first time sees whole mountains of 
it, his sensations are not a little exciting. For our own part, we 
felt as if we entered a new world when we gazed upon hills, and 
their long-fniTowed escarpments, of this calcareous snow-dtift. 
Our aeqiiaintance with the mineral had hitherto been limited to 
the fragments with, which we were wont to trace the lines of our 
schoolboy pastimes. We got no deeper into its mysteries when, 
on a higher scale of action, we saw it dehneate the diagram, or 
inin over the fluxional problem on tiie black-board in academy and 
college-hall. But here ! and half an island is covered with these 
stores of knowledge and of industry. Nine or ten counties on a 
stretch, from Dorset fo Flamborough Head, and from Bridport to 
Deal, are covered over, and for hundreds of feet in depth, with 
the milk-white earth ; and, whichever way you turn and bead to- 
ward the Capital, there are ample opportunities for the study of 
this curious page of geological history. 

The chalk beds are not composed of one uniform compact mass 
of the useful mineral itself, which consists of nearly pure carbo- 
nate of lime, of soft earthy texture. Geologically considered, the 
cretaceous system comprises a series of green and ferruginous 
sands, clays, marls, gray and white limestones ; and these again 
are arranged under three leading groups — chalk, gault, and 
green sand. The chdh — properly so called — is subdivided into the 
upper and lower, — containing in the upper numerous veins and 
nodules of flint, and varies in color through several intermediate 
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tues, until, in. its contact with trap, it assumes a deep red. The 
gatdt is an argillaceous deposit of stiff, dark blue clays, highly 
calcareous, and effervesces freely ■with acids. The green sand is a 
triple alternation of sands, cherty limestone, and friable sandstone, 
with beds, in some places of ocher and Fuller's earth. The whole 
series may be estimated at nearly two thousand feet in thickness, 
formed in a deep sea basin, the materials floating in very still 
waters, and aggregated successively through the combined influ- 
ence of mechanical, chemical, and organic agencies. 

The meehavical influence is very apparent in the sands and marls, 
which are evidently the spoils of islands and continents, washed 
down by currents and floods of fresh water, and deposited over 
an ancient ocean bed. The e/temical composition of the flints or 
concretionary nodules, which give such a remarkable etaraeter 
and appearance often to the chalk, is equally demonstrable ; from 
fifty to a hundred beds of chalk, pure and beautifully ivhife, will 
sometimes be seen alternating with as many bands of dark- 
colored flints, all regularly arranged as cannon-shot of all sizes ou 
a floor, and presenting, for miles along the cliffs of the sea-shore, 
lines of beautifully defined fortifications. The organio agent is 
visible in the nucleus of these round masses, which consists of an 
animal or vegetable substance, as a coral, a shell, a piece of flus- 
tra, or sponge. The nodules assume various shapes, that seem to 
be molded according to the cavities of the matrix in which they 
are imbedded, but are actually the forms of the bodies or organic 
substances to which they are attached- The explanation given is, 
that a chemical attiaction has taken place between the vegetable 
or animal remains, strewed abundantly through the waters, and 
the sihcious matier held in solution. The silex in solution gra- 
dually mcrusts, oi incorporates with, the organized substance, — 
and thus were produced at once the flinty concretions and the 
wonderful petnfaLtions contained in them. Break any one of 
these nodular masses, and minute drops of moisture will, if imme- 
diately inspected, be seen to ooze out from its pores : thus clearly 
furnishiiig a proof of the state of solution in which it originally 
existed, and the watery menstruum in which it was produced. 

The mineralogical history and arrangement of the chalk group 
of rocks are therefore in many respects very interesting. The 
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cliallt overlies the wealden, which was a mere delta at tlie river's 
mouth. The bed of the river suddenly disappeai-s, and now 
tliere rests upon it a deep sea formatiou. How stupendous and 
ovenvhelmiflg the forces of nature througli all her operations ! 
How vast her affluence and prodigality, which could so thoroughly 
alter all her exterior and interior arrangements, and fill the seas 
with this new matter. 

II. Thii Ohcabil, Lemaim'J dl^pl^y the boundle'.^ profusion 
of animal hfi. whuh pia-iiled duimg the (letaceous peiiod 
The wealdea furnishes no ground'- ot compinson, is that is 
simply a local fiesh water depo&it and conseq^uently can furnish 
no teat of the general condition of Jife upon the surface of the 

globe. But when we go back to the oolitic penod we obtain a 
standard by which to measure the doings of nature in the interval, 
what new creations started into being, and what provisions were 
made for their subsistence. The state of the temperature cannot 
be determined, as the products, with the rarest possible excep- 
tions, are wholly marine, and therefore affected by atmospheric 
influences in a very small degree. Neither can much be conjec- 
tured concerning tlie state of tlie land, as scarcely a fragment of 
tnie terrestrial life has been detected in the deposit; aiid yet, 
from the stillness and comparatively small dimensions of sea- 
basins into which the earthy ingredients were floated, the pro- 
babiUty is that the land was both lofty and widely extended. 
One mammalian, and the remains of a solitary bird, and a meager 
sprinkling of vegetables, constitute the whole, and even dubious, 
amount of contributions from this department of nature. To 
Neptune, therefore, the paleeontologist turns his undivided atten- 
tion ; and, comparing one period with another, he finds the fol- 
lowing results ; 

The cretaceous depodta all lie within the akba of the oolites. 
They are cmformable generally in position, and display, in propor- 
tion to their extent, a hke superabundance of calcareous earth. 
Hence a return to polyp and shelly types of life, which we find so 
characteristic and diversified in both epochs. 

Thus of the first order, Amorphozoa, the oolitic age produced 
only one genus ; in the cretaceous we find thirteen genera, in the 
18 
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li-it '^pongn Mill h i Lommoii to butli Of Zaopliytos, there 
are twenty three geneia m the torrai,r -mi seventeen in the lat- 
ttr-— of wliich nine aie common to both periods The Eohinoder- 
inata number eighteen m the oohte and twenty-flve in the 
chalk — hve onlj common The genua Foramimfera is entirely 
new m tiie latter formation ajid consists ot twelve ascertdned 
genera and nearly double the number of species Of Annelida 
thete are fcui genera in the oolite, and six in the chalk, in which 
the new oider ot Cirrhipeda oocuts hke'wif* TLb Astacus is the 
only crustacean in the oolitic group this and three new genera 
are tound m tlie chilL The Concbifera are very numcious in 
both deposits torty &ix in the olier and thirty eight genera m 
the newer of which eight aie peouhai t( the olialk Monymaiia 
are nearlv in the arae i elatn e prop jrtion^ Miidisles oc urs as 
a new ordei foi the trst time in the chalk while again the Bra 
cbiopodb Ga'iteTOpods and CephaJopod'5 are about equally 
abundant in both torm-itions wifh additions in the chalk to the 
generic models And hert too the new order Pteiopoda of a 
single genu^ and species is introduced to our contemplation 
AmmonitL? an I Bclenu itcs do not j I'if, th age 




1. Pecten cpiinciue-ccistatus. 
9. PlagioBtoraa. Spmosum. 
3. Hamites inteimediiis. 



alboRaleruB 

6. Scaphitea StnatuB 

7, Belemnites mucTonalaa 



The fishes of the two periods are equally striking in their con- 
teaats; the two orders of Ganoids and Placoids are common to 
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tiotJi, ivliile the CWnoids and Cycloids appear for tJie first time in 
the history of our planet, and which were afterward fo contribute 
so largely to the sustenance and comforts of man. The Reptil- 
ians show a declension in the latter period in numbers, with the 
introduction, however, of four new genera — one of which (tlie 
Iguanodon Manfelli), is also found in the wcalden. 

The Cimoliomis Diomedeua, described by Professor Owen, is 
the only specimen of the order Aves or bird-tribe that as yet 
appears over this waste of waters. The term cimoliomis means 
simply the chalk-bird, and is aDied, in some of its osseous pro- 
cesses, to the albatross, hut also differs in too many points to be 
regarded as the ancestor of that courageous storm-braving ani- 
mal. The cl^ms of this fossil, indeed, to its true place In the 
system, have not yet been fully estabhshed. '* Of the few actu- 
ally fossilized remains of birds," says Professor Owen, "that 
have been discovered in England, the moat complete and charac- 
terisiic are those from the London clay. Some fragmentary 
Ornitholifes have been discovered in the older pliocene crag, and 
in the newer phocene fresh water deposits and bone caves. Ex- 
tremely scanty have hitherto been the recognizable remains of 
birds from the chaJk formations. The fossil from the wealden, 
which I formerly believed, with Cuvier and Dr. Mantell, to belong 
to a wading bird, I have since adduced reasons for referring to 
the extinct genus of flying reptiles called Pterodactyls." The 
fossil bones of the Cimoliornis were obt«ned by the Earl of Ennis- 
MUen from the chalk beds near Maidstone, and resemble the 
humerus of the albatros in form, proportions and siae ; there are 
no distinct traces of the attachments of the quill -feathers in any 
of the fragments ; but in other points there are analogies to the 
osseous structure of birds ; and there are bones so gigantic as 
will assign them a place, if the proofs are completed, among the 
onormons foot-print class of the permian ^e, and go almost to 
realize the fabulous "roc" of the Arabian romance. 

Our attention in this group of deposits, however, is riveted 
more by the little than the great — ^by the miciviscopic than the 
gigantic forms of life. It is astounding, indeed, to contemplate 
the myriads of creatures which swarmed in the seas during this 
period. A fragment of chalk, the size of a garden pea, contains 



Host.d./Gciogic 



thowiands of 5;eit t &ltli tliese sitlh inclose stiU m mimy 
instance the pulpy animil mattei and cons st of a series ot 
di'.tinct well deiined cliambers In a cubic tadh ot the rock it is 
calculated tliat there aie upward of a million of mfusoiial ani 
malcule* ^ et their orders are determined their geuLra fixed 
their very spec es aie described so perfect is the structuie and 
so thoroughly preserved all the parts of their minute shelly 
coverlei'i The m crosc pe has restfied undei the action of 
certam dilute acids the cmtcui and ivhape of entiie hosts ot thesp 
creatuies Some sp cimen-i so positively can it speak of them 
appeal to con ist of tu.be'j placed edgewiat, — one pioje(.ting ome 
tiBiei beyond anothei Others aie seen to posbesa a seiies of 
tub liar oigan? placed paiallel and ditposud in 1 ng 1 ncs of fri 
g le leticulated riband fcome are oblin^ figures Others are 
comphcated e'^hibitin^ numerous projcctm^ processes and of 
eyeryvanet] of shape Some resemble the sheU of the nauti 
lut. otheia aie still detected with the skin adhci ng t the 
skeleton nhile in the stomachs and d gestive sacs of other the 
moie minute mfu&ona which the dimmuti^e mou ttr hid swal 
lowed are made palpable to the sight 

All this miy be called triflmg a m aapplicaiion of talent a 
waste ot mgenuity Whit terms too grand to descnbe the bfty 
speculations of the astionomer who pomts his felescoiC to some 
diiik point m the blue aky and descncs in ifs mfiinte depths a 
cluster of closely iggiegated ihining part eles mmute as the motea 
in the sunbeam and hails it aa the disc rery of a new system of 
worlds. He cannot count them, for they are innumerable. He 
cannot measure them, for they have no dimensions. He cannot 
tell their relations, nor describe their orbits of motion, for a spark- 
ling heap of star-dust is all that fiits before the reflector. But the 
boundaries of knowledge are enlarged, and though man nor any 
of the arts may ever be benefited thereby, the fortunate discoverer 
win have Ills name inscribed in that distant region of the universe, 
and ti'ansmitted from generation to generation with increasing 
luster. 

The discoveries of the geologist may be inferior in grandeur, 
but are they practically less illustrative in tlieir bearings on exist- 
ing arrangements ? He sees the past in the present, the near and 
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tlie distant in time brought together. A charm is thereby thrown 
over studies and speculations which would otliei-wise be useless. 
Thus, in the mineral structures resulting from the agencies of 
these invisible organic bodies, the mind is struck with the resem- 
blance to similar processes that may be now going forward in the 
ocean ; it sees in the discoloration of the waves, as the voyf^er 
steers his vessel over the mam, a light by which fo decipher the 
story of ail age ; and, while no voice issues from the countlees 
myriads of animals which thicken the waters, rooks are elabo- 
rating and depositions made that will yet be raised into islands or 
continents. " On tiie coast of Chili, a few leagues north of Con- 
ception, the Beagle," says Dr. Darwin, " one day passed through 

found to be slightly stained as if by red dust, and after leaving it 
foi some time quiet, a cloud collected at the bottom. With a lens 
of one fonitii ot an meh focal distance, small hyaline points could 
he seen, darting about with great rapidity, and frequently ex- 
ploding Examiaed witli a much higher power, their shape was 
ftund to be o* al and contracted by a ring round the middle, f/om 
whith hue cuiied hftle setse proceeded on all sides, and these 
were the organs of motion. The animals move with the nanow 
apes forward, by the aid of their vibratoiy cilia, and generally 
by rapid starts. Their numbers ii ere mhnitp, and m one day we 
passed through two spaces of water thus itiined, one of which 
alone must have extended over several square miles The color 
of the water, as seen at some distance, was like that of a river 
which has flowed through a red clay district ; but under the shade 
of the vessel's side, it was quite as dark as chocolate." 

These are the foundation -builders of future islands, of the very 
color and size, it may be, as those which piled up these masses of 
the brick-red chalk. In an ounce of sea-sand, from three to four 
znilUona of these minute bodies have been enumerated. Twenty- 
two thousand can be placed side by side on a linear inch of sur- 
face. One single individual, in the course of a month in summer, 
will produce as many as 800,000,000. In a globule of water, a 
cubic inch contains more inhabitants than ai'O now existing of the 
human family on the faee of the globe. The skeletons of the 
animalcula are transported through the ^r in the form of a fins 
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impalpable dust, covering the deots of vessels, and darkeaing the 
atmosphere many hundred miles distant at sea. The eye can 
trace nothing of structure — not even of gi'anular form — and 
while clotlies, rigging, and every crevice ia filled and discolored 
■with tiie organic nebulffi, it is not until the highest microscopic 
powers are applied, that it becomes resolvable and demonstrated 
to be a system of living creatures, moving through space, and 
fulfilling their destiny ! 

The views of nature thus opened up are boundless and infinite, 
in either terms of the scale, ascending or descending. The 
immensity of things on the one side, and their mimitcness on the 
other, carry tlieiiii equally beyond the reach of direct observation, 
and the intervention of means must in both cases be provided, ere 
they can become the subjects of human perception and examina- 
tion. But what is it to me, some will reason, if there he within 
tie depths of space myriads of rolling worlds, when I see them 
not, and whose revolutions can in no way afiect my condition on 
earth ? These rocks around are but obstacles in my way, or 
stones for which I have no regard, as I can apply them to no use- 
ful purpose. I know Oiat every blade of grass, every leaf ia the 
forest, every drop of water, every grain of sand, teem with living 
creatures. And, in tie air I breathe, systems more, beyond the 
ten of human view "both when we wake and when we sleep," 
revel in tiie irresponsible enjoyment of sentient existence. Science, 
viewed in this light, and calculated upon the rule of mere statis- 
tical enumeration, may be reckoned as utterly valueless, and 
knowledge as hut a term for MATEWALieM. 

But neither astronomy nor geology will permit our speculations 
thus to terminate. A principle of causation is involved in both, 
and to trace this through a chmn of sequences and effects, whethei 
in the great or little, in the remote or near, is the one grand aim of 
philosophy. If I can perceive no bounds to the v 
which natural causes operate, and can fix no border o 
tion of the universe ; and if I am equally at a loss to discern 
things ia their elements, and to discover tlie limits which termi- 
nate the subdivisions of organic matter, my inquiries will not here 
cease. The mind will not be satisfied so to close and to shut 
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up the thesis piopounded. I am compelled to advance onward, 
even as the objects recede from the view, or expand in magnitude 
beyond the grasp of comprehension. The soul is filled with the 
idea of immensity, as it familiarizes itself to the thought of the 
highest monnt^ns of the earth being but specks on its surface — 
the terraqueous globe as an atom compared with the sun — the 
sua itself dwindling to a star from some point in the distant fields 
of space — and even all the systems that sparkle in the clearest 
sky only as faint streaks of light, or not discernible even for mil- 
lions of years after their creation, in tlie systems that replenish 
and shine in the still remoter void. Speculations, lofty as these, 
do leave something behind — something nobler tlian arithmetical 
calculation — and knowledge becomes SPIBITITALIZED by them. 

The same result follows, when we descend in the scale of nature 
toward the other limit, when we perceive a like gradation from 
minute bodies to others incomprehensibly more minute, and are 
led as far below sensible measures of perception, as we were before 
carried beyond them, until vision is lost in utter vacuity and 
obliteration of all organic fonn. But the more attenuated and 
fragile the structure, the more the manifestation of Omnipotence 
and superintending care. If from microscopical obsei-vation we 
discover animals, thousands of which scarce form an atom per- 
ceptible to unassisted sense — each of which are endowed with a 
system of vessels, and fluids circulating in those vessels — if wc 
can trace the propagation, nourishment, and growth of these 
animals — observe their motions, capacities of action, limits and 
conditions of existence — aU this through countless millions and 
multiplications of tribes and g;enerations — and, finally, after their 
term of being ended, now find them entombed in rocks, and elabo- 
rated into useful minerals ; — knowledge thus pursued becomes 
again the handmaid of kelioiom, and terminates in the conviction, 
that we hve in a universe over which the eye of Omniscience and 
love has been ever wakeful and predominant. The telescope leads 
to one verge of infinity, the microscope brings us to another ; and 
in the discoveries of both there is the firmest assurance, that as 
nothing is too distant and vast for the Creator's control, so nothing 
is too minute for His wise and fatherly care. 
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CnAPTER VI. 

THE TERTIARY SYSTEM. 



Thb Tertiaky System forms tbe last great subdivision of the 
rocky strata of the earth — the last in tie creative, as well as geo- 
graphical, distribution of organic and inorganic matter — antece- 
dent to the huraan epoch. All the Europeaai and partly Asiatic 
chains of mountains were again farther elevated toward the close 
of the preceding period. Eui'ope itself assumed a more distinc- 
tive shape and contour, a bolder coast-line, higher plateaux, 
deeper and more extensive laJtes. Great Britain was rounded into 
form, settled upon new foundations, and already stood out, in her 
western and northern belt of granitic and primary rocks, the em- 
press of the ocean. 

In thus recalling the features of the old world, and marking 
the configuration of a newer state of things, geology fumishes in- 
dubitable evidence upon which to establish these and other more 
general conclusions. The physical geography of the globe is 
inseparably connected with the series of changes we have been 
contemplating. The elevation, small and isolated as it appears, 
of the formation termed the wealden, supplies a key by which 
to measure tie rivers and deltas of our own island. The chalk, 
forming at the time the bed of the ocean, remained for a period 
in undisturbed repose, as evidenced by the hollows and erosive 
action seen on ite surface. Then a series of convidsive movements, 
over a vast area, are indicated by the disrupted and altered posi- 
tion of the strata, when the bottom of the sea was lifted up, and 
its whole marine fauna completely changed. The secondaiy era 
passed away : the new tertiary arrangements, animate and inani- 
mate, from henceforth commence. 

Thus rolls on tie mighty course of time. A continent is the 
(316) 
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gift of one age ; lialf a globe is shattered and wasted in the next. 
All living things become extinct and entombed in this quarter : in 
that, there are new and more abundant creations. The face of 
nature is again redolent with beauty : life, profusion, and enjoy- 
ment ai-e everywhere abounding. 

" Look down on earth. What seest thou ? Wondrous Uiinga, 
Terrestrial wonders that ecUpse the skies. 
IToi- can the efemal rocks His -will withstand^ 
Wlat leveled mountains, and what lifted vales 1 
High ihrough mid air, here sla-earos are taught to fiow — 
■Whole rivers there, laid by in basins, sleep — 
Here plains turn oceans ; there vast oceans join, 
Throagli kingdoma, channel'd deep frata shoce to shore." 

The geological district upon which we now enter, embraces 
London as nearly the center of its range, from which in every 
direction, along every line of railway, sections of the tertiary de- 
posits are Imd open ; cabinets of conchology are to be met with in 
every pit for forty miles around ; and what facilities to visit and 
examine them all with the speed of the wind. Kot a spot but 
may be reached at a wish, sections more than can be numbered 
are in every locality, and in half the time one mates the ascent 
of Schehalion, be has taken the circuit of several counties. 

London I what can it be likened or compared to ? Nothing is 
so unlike as a simile, and we need not try to describe this em- 
porium of the world by a comparison. It is not Rome nor Thebes, 
nor Nineveh, nor Babylon, but more than them ail in the stirring 
activities of mere animal existence — more boundless in wealth — 
more dominant in conquests — more all-embracing in commerce ; 
as deep in its sins, arrogant in its pride, haughty in its supremacy, 
as Queen City of the nations. About tv^elve hundred souls are 
every week added to that dense mass of human beings. As many, 
nearly, are every week blotted from the sum of mortal existence. 
Ko metropolis on this mundane scene ever stood in a similar rela- 
tion to all other nations and cities of the world, whose every wish, 
for weal or woe, so affected the destinies of all the families of 
men. A part of every one of them is therein concentrated. Not 
a tribe but has its representative. Not a specimen or produc- 
tion of human skill but is borne thither. Genius, wit, mdustry, 
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ingmuity, are in all their most beautiful creative efforts indelibly 
embalmed ; and irere that mighty pile to be ingulfed in the 
bosom of the waters, out of which its foundations were recently 
lifted up, the genus homo would, in all its entireness, be conserved 
together — the type and wonder of our own geological epoch. 

This city, too, contains everything else that Oie world contwns. 
A specimen of every Jiving thing is here ; and things which can- 
not live, biit pine and die away fi-om their native haunts, have 
been carefully preserved and skillfully aiTanged for the inspection 
of tiie curious. The kaleidoscope, in all its phantasmagoria of 
change and infinite diversity of hues, caa display nothing half so 
va lous as the eaht es of nature ; and types of the entire modem 
era from the cz m. Dodo to the recenfly-diaoovered Moaa of 
Wanganu ■up b fore you in all their diversified foims, from the 
misshapen and tanta^tic to the loveliest of eaithly creations. 
When Adam ^ave names to the creatures of the field, they are 
simply said to ha*e been " brought imto him to sec what he would 
call them ;" every tree pleasant to the sight grew out of the 
ground ; and Eve, Milton beautifully represents 

" went foiih among her fruits and flowers. 

To visit loir they prosper'd, 1rad and bloom, 
Her nursery ; they at her coining sprung." 

Here are all things once more assembled, and as the tree of know- 
ledge no longer bars from the tree of life, we ean innocently search 
into all the mysteries, and see all the qualities and shapes, of 
every earthly object. 

Nor is London less privileged and distinguished by its geologi- 
cal treasures and multifarious condition of things beneath. The 
capital stands on the tertiary Eocene strata, or last of the rooky 
series of the island. The pre-Adamic arrangements all here 
cease, the boundaries betwixt the old and the new world are hero 
drawn. The age of humanity dawns. And, inten-ed in the de- 
posits immediately below, lie the last of a series of monstere which 
preceded man's introduction upon the stage, and between whom 
and all his race an unequal war of merciless estennination must 
have prevailed. The reasoning animal, indeed, at once the most 
belplesfl and most potent of natui'e's offspring, could but ill have 
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existed under a constitution of ihe elements wliicli fostered the 
PalEeotlieriums and Chseropotami of the tertiary age. 

Neither the romance of geology nor the era of prodi^es, there- 
fore, are yet OTCr. The curtain once more reqiures to be lifted 
from the dark regions of the past, ere we approach the airange- 
monta, forms, and distribution of animal and vegetable life, of the 
epoch in which our own lot has been cast. 

I. The Tbktiaivy Group consists of a series of well mirked and 
closely connected beds of clays, sands, gravel, bieccaafed con- 
glomerate, marls, and limestones ; some of which are of marme, 
and some of fresh wafer origin — points only to be determmed by 

tlieir respective fossil remains. Some lithoiogical distinctions may 

also be estabUshed ; the marine deposits are less minutely lamina- 
ted than those of the fresh water ; and also, in general, the beds 
are thicker, and their sedimeats more confused in their arrange- 
ment, " Limestones, and line light-colored clays," says Mr. Phil- 
lips, " constitute the principal mass of the fresh water sediments ; 
■while sands, and blue and variously-colored clays, more particu- 
larly mark the marine depositions. The latter appear like the 
products of littoral agitation, as if the wearing of clifl's of older 
strata had furnished the materials of these newer rocks ; while 
the former resemble the accumulations from the wasting surface 
of chalky and argillaceous countries." 

These deposits lie in hollows and depressions of the chalk for- 
mation, and constitute what is termed the London basin. A simi- 
lar series of materials occur in Hampshire, separated from the 
former by the upraised edges of the subjacent strata, which, crop- 
ping out in like manner on the south, inclose them also in a basin- 
shaped area. The same aiTangement prevails across the channel, 
where a suite of rocks referable to the same age lie wilfdn the 
chalks, and constitute the well-known Paris basin, whose remarka- 
ble remains were first brought to light from their tomb of ages in 
Montmartre by M. Brongniart and Cuvier, upward of thirty years 
ago. The Auvergne basins, Jn central France, are equally well 
chariicterized. And, stretching onward through southern Europe, 
the tertiary deposits occupy positions nearly similar ; and all 



Host.d./Gciogic 



composed, with slight local variations, of kindred fossils and sedi- 
ments. 

Geology has been compared to history. We also see how it 
embraces the whole range of physical geography, restoring the 
land-marka of the past, and presenting pictures of the earth's 
surface which the mere trsTeler can no longer detect. The rolling 
Thames, with town, spire, and villa nestling in every slope, and 
tunnel, bridges, and 



we seek in vain for on the geological map of tke period. There 
were spice islands, with aromatic gales, palm trees, dates, turtles 
lazily pacing the sands, and crocodiles heavily climbing the banks, 
or plunging and gamboling in the deeper pools. A Polynesia, 
with a tropical climalfi and corresponding luxuriance of vegetable 
and anima! life, occupied the intermediate regions of Europe and 
Western Asia. On the south and west a vast continent loomed 
over the main, whence, in part at least, the detrital matter of the 
several basins alluded to was derived ; and there, too, in all pro- 
bability, the source of the spasmodic action which successively 
elevated and depressed the bed of the sea oa which were accu- 
mulating the terfJary deposits, and whose throes finally terminated 
in its own submergence, and upheaval of the south-east coast of 
Britain, and the whole of central Europe. Gulliver returned with 
a report of strange people, flying islands, and fertile descriptions 
of impossible monstrosities. Geology deals in a simple shifting 
of the scenes, new arrangements in the drama of creation, and is 
entitled to credit in its boldest assumptions, furnishing proof, as it 
abundantly does, from the existing wreck of tliose vanished reaU- 
tiea to which it now assigns local habitation and name. London 
occupies the bottom of an ancient sea, whose spoils, six or seven 
hundred feet in thickness, are there to attest the fact ; and for 
miles around, every excavation into the marine mass multiplies 
the evidence, and repeats the stoiy of its existence. 

The plastic acid London clays constitute the lower beds of the 
series immediately above the chalk, and are nearly co-extensive in 
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tlieir range, From Reading' on tJie west, these sediments stretch 
eastward througli the valley of tte Thames along the right bank 
to Margate ; on the left, they cover the entire district to Ipswich ; 
and constitute a very large part of the soil of the adjacent coun- 
ties from Norfolk to Hampshire, prevaiBng more especially through 
the central and eastern districts. Mr. Preatwiok has recently 
shown, that the lower English t«rtiaries form several distinct sub- 
divisiona, each marked by different conditions, and these con- 
ditions indicating ancient hydrographical and palseontological 
changes of importance. A conglomerate hed of round flint peb- 
bles, mized with yellow, green, or ferruginous sands, ext«nds 
almost uninterruptedly from the Isle of Wig-ht to Woodbridge, in 
Suffolk ; this bed underlies the London clay, intercalated betwixt 
it and the plastic clay, and forms a well-marked geological hori- 
zon, dividing this formation from the older Eocene deposits. It 
contdns thirty known, and eight or ten still undescribed species 
of teatacea, twenty of which are not found in the lower deposits, 
while all are nearly identical with those of the superior and Lon- 
don clay beds. The plastic formation thus embraces the London 
clay, as the chalk does both, which again in its turn is embraced 
by the oolites ; whence the older and inferior sj/slems all widen, 
and extend successively as the bed of the sea was elevated ; and 
hence the basins were gradually narrowed and contracted as they 
approached the last and closing ante-human epoch. 

A kind of convergency in all this can be distinctly traced in the 
superficies of the earih to the state which it has now assmned. A 
similar approximation in its living inhabitants, as will immediately 
appear, can as cleai-ly be pointed out to its present occupants. In- 
telligent will and design are equally manifest in the arrangements ; 
for, however great the amount of change, the restraining hand of 
foresight is visibly present in them all, and, in every successive 
advance to the present order of things, a purpose ia discernible in 
making tlie more elfectual provision for tiie permanent stability of 
the human system. 

II. The Oeganic Remaiss of the tertiary deposits, if ttey pos- 
sess not so much of antiquity aa those which have already passed 
in review, are all the more interesting and worthy of attention, as 
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they admit of a closer comparison with the established order of 
things, and the laws now regulating the distiibution of animal and 
vegetable life. The locality most fertile in the organic remainB of 
this period is the small island of SLeppey, situated near the mouth 
of the Thames, which is not more welcomely descried by the 
home-bound mariner as a Pharos of light and safety from the 
howhng waste of waters, than it has proved t-o the palseontologist 
a repository and beacon-light for determining the moat recondite 
mysteries connected with almost every living thing, in sea or land, 
during tlie Eocene age. It consists entirely of the London clay 
deposit, of an average thickness of five hundred feet, and display- 
ing in the cliffs vertical faces two hnndred feet high. The fossils 
ia both localities are almost identical ; in the isle of Sheppey they 
are more abundant, as well as acoesable ; and, in consequence, 
they have been more niinut«ly and generally described. 

1. The shells are very abundant. A few genera have survived 
the changes and disturbances succeeding the upheaval of the 
chalk, and a single species of Qasteropodes (Actseon elongatus), 
is common to both formations. The Belemnites and Ammonites, 
swarming in the seas of the secondary period, are now entirely 
withdrawn. The Nautilus is but sparingly represented. The 
new genus Cerithium is introduced, a long, tapering, spiral-formed 
shell, and apparentiy of strong predaeeous habit-s. Lobsters re- 
sembling existing species are very abundant. The Uummuiifes, 
of which entire rocks were formed during the secondary age, still 
survive And &f an index to the state of temperature it require? 
to be mention d that many species now found only m tropii.a! 
seas, aie mix d with the testaceous fo-isils of these localities 

2. The hshes aie equilly peculiar and oharactenstK Df the eia 
upon whiL-h we enter Nothing can moje stnkmgly show the 
violence and universality of the change tliat was cotcmpiianecus 
with the ttrtiary aningements than the total disappearance of 
the old tnbes of titihes and then replacement by entirely new 
specific and a large mfusion htewise tf new genenc tjpes The 
change is no less remaikable when viewed in its relation to exist 
ing races every one of whii.h with the solitary e\ception of the 
salmon family have here their lepiesentatnes Perch cod her 
ring, mackerel, eels, had all become occupants of the seas of this 
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period, and their remains deposited in tlie clays of S 
the greatest profusion. " The numher of fossil fish from the Lon- 
don clay," says Agassiz, "amounts to ninety-two in the one single 
locality of Sheppey, without counting ten species to which I haye 

ot 1 ct ass'gned names not 1 av'n^ h'tl erto been ible to charao- 
ze them n a sat sfacto ■) manne The liffieulty ai ses from 

o ca s s — the n pe fee and fragmentarj s ite of tl e fossils 

em p1 e? and tl e ew pnnc p e adopted by him fo their clas- 

h d on 

Most of 1 e hshes belong ng to the t it irj e a e of the Cy- 
1 and Cteno d orders w th tl n f ai; le lea wl oh unlike 

h Gano d t1 o e cu absed bod p-s wer protected by a thick 

o e ng of f lates have be ji nable to p eser e the □ egrity of 
their form and outlme. The greater number of tbese mteresting 
Tcraaine, accordingly, have rotted in the matrix, their bones sepa- 
rating, and the soft pai-ts all replaced by clay. The scales are dis- 
affffi-effoied (leur secaillea d^sagrfigfies), and the craninm alone of 
the osseous structure remaining entire, owing to the soldering of 
the pieces composing it, the ingenious naturalist has adopted tJiis 
single organ as the basis of the new system. " The characteristic 
features of the skulls of the mammaJia and i-eptilia are known ; 
the variations which such a bone, such a crest, such a groove may 
undergo in snch and such a firaily -u-e understood ■ ind 'already, 
\i the first glance it la possible to asceitam whetbei the animal 
uider consideration is carnivorous rumimnt or sohpedal But 
nothing IS more variabk than the forms of the cranium ind cf 
the heads of fish The multitude of bones and of spines which 
seive foi the attachment of the muscles the infinite vinety of 
loims in the families thembehea impait such a diversity to the 
umia of the hsh that the icLthyologiat frequently de'ipairs of 
1 Ping able to reduce tliem to then iespectne types and m fa«t a 
compaiative cianiology ot fish does not exist, Theie la no one, 
that I know, who can tell at first sight, whether such and such a 
cranium belongs to a percoid, to a sparoid, or to a chetodontal 
type." * 

lia and detached vertebra are nearly all that remain 

» Eapport Bur les Poissans Fossiles de TArgila de Londres. 
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224 THE TEETIAKY SYSTEM - 

of the Sheppey fossils, and the oonclusions estahlished from them 
by M. Agassiz, are as follows, throwing new and important hght 
upon the two last great and approximating geological epochs. 

The English coasts, at present, are inhabited by one hundred 
and sixty-three species of fish, of which there are eighty-one 
genera, divided among six predomiaaat families, while two or 
three are only occasiona]ly domiciled. Sixty species belong to the 
order of Glenoids, fifty to that of the Cycloids, and eleven to the 
Ganoids. The fossil distribution establishes the following results : 
of Ctenoids twelve species, eleven genera, and three families, of 
which the perch tribe is the most numerous ; three genera of the 
Teuthise, a family essentially meridional, and occumng only in 
southern seas, a fact which shows a higher climatic condition of 
temperature than now exists in this latitude ; thirty -two species of 
the Cycloid order, tweaty-siz genera, and eleven famihes — of 
these the cod and mackerel tribes are the most numerous. While 
no trace of the family Salmonidte has been detected in the ter- 
tiary deposit, a family exclusively tropical, the CharacidEe, is found 
to have had congeners of very considerable size in the more ancient 
epoch. The haddock, cod and line races ire veiy abundant — a 
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The inowledge already acquired in this department of ichthyology 
Lcnfirms eierv previoui mfeienus iclating to perndic physical 
chin^eB of the glibt, and their cojivergeney to tha oidet and 
iiiangements of natuie which now preiajl ovei the eaith 

3 The leptiles and semi natants ot the tertiary pen"Ml lead to 
the '.ame general conclusions The intercourse now so closely 
estiblished betwixt this, countiy and Borneo throiv^ new light 
e\eiy day mure and moie upon the aneieat conditioa of our 
lilmd The lesemblance both in the fauna and flora of these 
ipmote placet is otiiking thriughout when for s/ooe on the one 
hi id we substitute itTM on the otJiei we have nearly a tianscnpt 
of their respective conditions The ncithem s-n imipd mth tht 
11 '■odilcs of the southern hi,iuisphere the boa constricto) haa his 
representatives in the serpents of the London clay; and turtles, 
both of marine and fresh water characters, are equally abundant. 
The Pythonio monster ia also there, represented by reptilians 
which now only inhabit tropical countries, and prey on quadru- 
peds and birds, botli of which became abundant during the ter- 
tiary ^e. 

4. The mammalia consisted of large pachyderms or thick- 
skinned animals, now represented by the rhinoceros, tapir, and 
elephant. Wolves, foxes, and raccoons, mice, rats, rabbits, hogs, 
even monheys, began also to flit over the stage of stirring life. The 
existence of the order Quadrumana and the ape genus Maoacus, 
d\iring the earlier tertiary period, was determined by the discoveiy 
of the fragment of a lower jaw, including the socket of the last 
molar too^, in a stratum of blue clay in Suffolk, and described in 
the "Magazine of Natural History," for 1839, by Professor Owen. 
Other remains have been detected of the same animal in France, 
the East Indies, and South America, establishing beyond a doubt 
the co-esistence of four different genera of apes and monkeys 
with Uie extinct mammalians of the English tertiary deposits. — 
Tliat these creatures were anterior to Mau, in point of creation, 
is in accordance with all geolo^cal evidence regarding tlie animal 
kingdom. The progressive development theory avmls itself of 
the fact, but can establish less upon it than if it took the example 
of the bat — which, in anatomical structure, resembles the hu- 
man family scarcely less than the monkey! But geographically 
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considered, it furnishes a sfi'ikiiig instance of the wonderful revo- 
Intioa wliich this island has undergone since the comparatively 
recent epoch of the teriiary formation. Images and pictures of 
life are thus called up in. the vista of the past, which at once trans- 
port the mind into the bosom of the wilderness or remote Afric 
forest ; and long ere man had betaken himself to cities, or a stone 
of all that huge capital had been dug out of the earth, or a smI 
of all its vast commercial greatness had been wafted over the 
waters, the very spot on which he has developed the greatest 
resources of his power, enterprise, and genius, was tenanted by 
those ti'ibes which approach him nearest in form, which philoso- 
phers have mistaken for his type, but in which the semblance of 
external figure is lamentably contrasted by the absence of all that 
moral framework, mind, and spirit, which pre-eminently dia- 
tinguish and glorify the human race ! 

A remarkable peculiarity in the mammalian remains of the ter- 
tiary period is the total absence of the ruminafjng animals, which 
do not appear until the modem epoch, when we recognize them 
at once as the companions and useful contributors to the comforts 
of man. These still retain "the names" which Adam bestowed 
upon them. The more ancient creations rejoice in the mythical 
nomenclature of science, of which between fifty and sixty species 
have been determined. The greater proportion are from, the 
Paris basin ; but the district under review contains, in its lower 
and middle divisions, the remains of some of the more remarka- 
ble of the group — as the Palmotherivm, AmiplolJierium, iMpModon, 
Chceropotamus, Diddpfiis, BaUmodon, and the huge Mastodon. — 
These animals are specifically different from everything now in 
existence ; even Macacus Eocenua will find no lineal descendant in 
Ceylon, Madi^ascar, or the Cape ; and no Celtic pedigree will 
meet the ease. The race have left our island, and departed from 
the earth ; and to restore them in imagination, we must seek their 
nearest analogies in the impenetrable fastnesses and prairies of 
unreclaimed nature. 

5. Birds are distinctly traceable in this formation. The Eocene 
clays of the Isle of Sheppey have produced materials sufficiently 
indicative of the class, in which the true aflinities of the aerial 
inhabitants are detected, and a new genus completely established. 
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The specimens found boar a resemblance to the osteology of the 
=mi]ki kinds of viiltiiieb and one has been designated Lithorms 
^ ultunnus The Iconca fos&ilmm secfiles <i Kceni^ etnteims a 
dcs r ption of some other omithohtea found m the same localitj 
c naideied by the author as belonging tj a nafatoiial or lon^j foed 
I id and denominated Bucklandium Dihivii The Paris basin is 
niDie fnutful in these toisils thin the Londcn from these t-eieial 

pe IBS have been detennined — more or less ill ed to ti e pelicin 
the sea lark cuilew woodeo L buzzard owl and quxil thu5 

Ipiily e'it.ibhshmg the link in the chain of bein^ but still at a 
w de inten al Irom the gay choristers and d mesticated tnbe? 
wl ich minister so roach, to the solace and happinoss of man 
Thp geologist traeei the conoeefion and sees m the expanse of 
i^es as race after race emerge upon the scene a gradual pre 
I -vrstion and tendcm.y of all things to a final result &ea eirth 
1 d air successnely possessed by creatures approvimatina as 
they adi ince to tho-ie of the human epoch and man proudly or 
J 1 sumptuously concludes that all ha been woiked solely for 
hia ^ood But at, the poet has ung — may we not ask and a^k 
c ncemin^ the humblest lite which min often despises and is 
oft n terribly destioys but whieh i& ne\er o^erl oked by Him 
wl mile mm and all thint,s and whose tender cire li over all 
his works? — 

" Is it for thee, lihu lark ascends and sings t 
Joy tunes his yoioe, joy elevates hia ivingfi. 
Is it for thee, the linneb poiire his throat ? 
LoTes of hia own, and rsiptnreB btteU the nota. 
Is thine alone, the seed tiiat sbewa the plain ? 
The birds of HeaTen shiJl vindicate their grain." 

C. And in the Flora which then decked the plains, fringed 
the marshes, or clothed the heights, " the birds of heaven " had 
ample provision in seed, fruit, and herbage for all their wants. 
Eemarkable indeed the adaptation of the animal tribes referred to 
in the previous section to the lacustrine condition of the surface 
which still so generally prevailed. The plants of the period are 
such aa are now exclusively confined to warm or tropical lati- 
tudes. The palms and coeoa-nut hearing trees are abundant and 
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of different kinds. One family belongs to the Nipadiies, which 
are found in Japan and the Spice Islands, generally in the 
estuaries of rivers, or along the tracts of damp marshy grounds. 
The lovely Acacia was here naturalized. Pepper, dates, and 
cucumbers added to the vaiiety of the sylvan banquet, ivhich 
tall branching pines shaded from the scorching heat. If we are 
no longer in possession of the luxurious fruits and condiment- 
bearing plants of this early age, the change has led to other and 
better productions. For deep lakes we have these verdant mea- 
dows and cora plains ; the stagnant marshes are drwned of their 
mephitio vapors ; the theroid monsters ai-e supplanted by the labor- 
ing OK and the industrial horse ; and with all the arte flourishing, 
and carried fo the highest pitch along her borders, the proudest 
achievements of science wafted on her bosom — the "fruitful 
Thame " may challenge the nations of the earth for every pro- 
duet which climate yields or genial suns ripen. 

Such was the dawn, or introduction to the present order of 
things. In the language of geology it is called the eocene age 
of the world, because it approaches in its organic productions to 
those which are niw existing and containing a very few recent 
species, not more than thiee or four per cent. Nature did not all 
at once leap from one epoch to anothei In the tertiary depo- 
sits there is evidence of successne cieations, rests and pauses, as 
it were, before the final and erownmg consummation of her 
works. More and more analogies be^m to manifest themselves 
in the ascending seiies of the group The Miocene, or middle 
period, deveiopes a yet laiger propoition though not a majority, 
of the present inhabitants of the aea The Pleiocene arrange- 
ments follow ; and in the shells and terrestrial products of this 
group the modem characters and types are still more clearly dis- 
cernible. When we reach the highest members, the difficulties 
of separation from the modern deposits begin to multiply the 
mineral qualities and mere earthy bed'* are not di'*traguish<ible ; 
while, on the othei hand in all th animal f rms and hu^e colos- 
sal proportions of Mastodons and Thei n s there are the uni, |ui- 
vocal markings cl an extinct anteiior a„e 
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CHAPTER VII. 

THE MAMMOTH PERIOD, 



The tei-tiary deposits are referable to three great divisions, eon- 
tainiiig subdivisions, some of marine, some of fresh water origin, 
and severally characterized by their fossil remains. The terms 
Eocene, Miocene, and Pleiocene, are applied to them in tlieir 
respective order of superposition, as the lower, middle, and upper 
groups. The London basin belongs to the first of these divisions. 
When fliese congeries of beds were completed, and the bottom of 
the sea was elevated, a fresh wafer occupation of the district 
appears to have prevailed. And during the supremacy of this 
reign of the Na'iada it was, that England was tenanted by herds 
of large quadrupeds, tigers, hyenas, and the companions of the 
untamable class, whose haunts are now in the Indian, jungle, or 
the forests and prairies of America. 

This has been denominated the Mammoth Epoch, when the 
elephant race literally swarmed over northern Europe, from Italy 
to the Arctic regions. Great Britain at this era formed part of 
the continent, or rather of the great series of laies and marshy 
swamps which then prevailed. Hence only can geologists ac- 
count for the identity of fossils scattered over this area. The 
organisms are ail of a type, all of the remarkable orders now con- 
fined to wanner clime* And when we find these fo^sih cast up 
in, everj field fiom the ame series of deposits — m Switzerland 
on the banks if the Danube through the plams of Sibeua and 
northern Rui. a — m the baains of t! e Phne and the whole of 
lower Germany — in the Netherlands ovei (.entral and northern 
France the entiie south aod east coastb of Enghnd — we decipher 
in all this, not only the organic characters of the same penod of 
(229) 
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time, Irat the connecting links of one and tlie same supctficial poi- 
tion of lilie globe. 

This is a yery remarkable chapter in the history of our island, 
whether we consider the mineral or animal arrangem.eiits that 
pTevailed, and their relations to continental Europe. Here we 
contemplate the relics of herds of the larger mammals which then 
ranged over a quarter of the earth's surface, all now extinct; 
while, toward the close of the epoch, everything conspires to 
favor the notion, that our insular position was then, for the first 
time, established. 

The type of the period is the Mammoth, or the Elephas Primo- 
genius. There are only two existing species, namely, the Aeiatie, 
which is limited to wifhic 31° north latitude, and the African, 
whose range extends to the shores of the Paeiflo, as far south as 
the Cape of Good Hope. Ajneiica, through all its forests and 
boundless wastes, possesses not a single individual of the modern 
family, while the remiwns of the eztinet race are to be found in 
every prairie, along the banks of the Missouri, and abundantly 
in the great salt maj'shes, whither they had resorted in vast herds 
in quest of the salt, and been mired, as heavy animals are fre- 
quently at the present day. The intertropical plains of the new 
world, and the polar regions of the old, were equally congenial 
to their habits. Nay, so adaptive were they in their nature and 
tastes — ^these gigantic pachyderms of the middle tertiary period — 
that in every intermediate country, they have left in their huge 
skeletons unequivocal traces of their sojourn or migration. 

Fi-om the British strata alone, no less than tiiree thousand and 
upward of fossil teeth have been dug up belonging to this colos- 
sal animal. These are found chiefly in the drift along the east 
coast of England, from Eobin Hood's Bay, near Whitby, to Hol- 
derness. In a period of little more than thirteen years, the fish- 
ermen of the village of Happisburgh have dragged up more than 
two thousand grinders of the majumoth. In the valley of the 
Thames the relics have been discovered very numerously, at 
Sheppey, Woolwich, the Isle of Dogs, Lewisham, — in the gravel 
beneath the streets of London,— at Keisington, Kew, Wallingford, 
Oxford,— and all around the south-east coast from Brighton to 
Lyme-Eegis, in Dorsetshire. The central counties of Stafford, 
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Horthampton, Warwick, and York, are everywhere sti'ewed a few 
feet under ground with these remains. At Stroud, a rMlway 
seutdon laid opeu a tusk, measuring nine feet in length; and 
everywhere in the British Channel the fishery of the estanct 
quadruped is as ardently pursued, and often is as remunerative, 
as the fishery of the linny trihes themselves now existing on our 
shores. 

These animals, once filling the plains of England with herds 
equaled only hy those of the buffalo race which now darken the 
prairies of America, have fulfilled their destiny, and have per- 
ished from tlie eai'th. " The difference," says Professor Owen, 
" between the extinct aaid existing species of elephant in regard 
to the stiTJoture of the teeth, baa been more or less manifested by 
every specimen of fossil elephant's tooth that I have hitherto 
seen from the British strata ; and those now amount to upward 
of three thousand. Very few of them could be mistaken, by a 
comparative anatomist, for the tooth of an Asiatic elephant, and 
they ai-e all obviously disldnct from the peculiar molars of tlie 
African elephant." Cuvier ascertained like distinctions between 
the extinct and the existing Indian elephants ; and concluded, from 
the reconstrnction of the complete framework, that ilie mammoth 
type is no longer in being. 

The proof that the elephant race actually inhabited this coun- 
try is as satisfactory, and as well established, as that the species 
were different from any now existing. Little, indeed, can it be 
wondered at, npon the first discovery of their remains, that the 
accounts given by geologists and others were received with the 
greatest distrust. Their appearance, in these high latitudes, was 
attributed to the inroad of armies rather than to any indigenous 
connection with the soil that covers them. Ctesar, it was remem- 
bered, brought many elephants with him into Gaul. According 
to Polinffius, one at least was transported across the channel into 
Britain ; hence an easy and ready explanation of the fossils, as 
VoltMre, in his time, fancied the shells found on mountain tops to 
be the stray specimens di-opped hy pious pilgrims or superstitious 
monks on their joumeyings. But aa their numbers increased — 
some from Ireland where the soldiers of Rome never set foot, 
along with the bones of the rhinoceros and hippopotamus which 
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could be instructed in no military tactics, and all over the length 
and breadth of the land bones and entire skeletons began to be 
exhumed — aJl grounds for skepticism against their aboriginal 
national descent were forever swept away. And Britain, it was 
admitted, literally and truly, had once been stocked, among its 
most recently extinct families, with these monster tenants of the 



An entire carcass, it is well known, covered with long woolly 
hair, was found at the mouth of the river Lena, as far north as 
the 74th degree of latitude, imbedded in ice. This discovery 
opened up more enlarged and correct views as to the history and 
habits of these animals. Subsequent years increased prodigiously 
the stock of fossils, entire and perfect in hide and fleshy muscle ; 
and now, so abundant are the remains of the fossil mammalia in 
the aictio regions, that they have not only become an article of 
commercial trafBc to man, but serve as an unfaihng repository of 
food to the present denizens of those countries, the hordes of 
marauding wolves, foxes, and bears, which prey amid the polar 
regions and sterility. It has farther been ascertained that, where 
the lichen and the scanty moss now only grow, a rich arboreal vege- 
tation once flourished in these latitudes ; birch trees, of large 
dimensions, are everywhere imbedded in the sandy cliffs ; and it is 
conjectured, with the greatest probability, that herds of elephants 
migrated from the warm interior, durmg the summer months, to 
the embouchures of the rivers and borders of the arctic sea, cov- 
ered as they were with sheltering forests, or shrubby brushwood 
steppes. " As we advance," says Murchison, " into the plains of 
Siberia, or descend into the valleys of Tobol and the Obe, the 
bones are in greater quantities, and in a better state of preserva- 
tion ; and the farther the Siberian rivers are followed to their 
mouths, the more do the mammalian remMus increase, unljl at 
length whole skeletons, and even carcasses, aie found. The 
single fact of the very wide diffusion of the mammoth bones, over 
enormous regions, in itself indicates that those creatures had long 
been inhabitants of such countries, living and dyings there for 
ages ; while their final destruction may have resulted from aque- 
ous debacles dependent on oscillations of the land, the elevation 
of mountain-chains, and the formation of much local detritus." 
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Tlie same causes will aecount for theJr dcstriictiou in this coun- 
try — causes, whose effects are still traceable over the whole of 
continental Europe. Dotibtiess, these causes extended across the 
chaioiel, and may have been cotemporaneous wif]i the movements 
which resulted in separating ns from France, occasioning debacles 
by the alternate upheaval and depression of the sea-bottom, which 
even the largest animals would be unable to contend against. In 
the midst of these movements, miiltitudes would resort to the 
higher protected grounds, in quest of food, or retire for shelter to 
caves and other concealments that were elevated above the waters. 
Eemains, accordingly, of nearly all the quadrupeds of the period, 
the rhinoceros, hippopotamus, lion, ti^er, hyena, bear, ellc, are to be 
found in sucli places, associated with bones of the elephant fam- 
ily, and mixed, for the most part, with the alluvia and detiital 
gravel of the district. These animals appear not to have perished 
simultaneously or suddenly ; but from the condition of the cele- 
brated Kirkdale caves, when first di'^covered, it would rather seem 
that they had long haunted these places, the caverns being gener- 
ally at a considerable elevation, with an entrance on the side of 
the vaDey. Tlie floors weie entirely covered with mud, teeth, 
bones, and stalagmitic incrustations, several feet deep — a den of 
monsters that were devounng each othei, while the comraoa ene- 
my of destruction was approaching to seal the fate of all ! The 
"Reliquiae Diluvianse" of Buckland, which first introduced the 
notice of these caves to the public, assumed the Mosaic deluge as 
the cause of the catastrophe i other hypotheses have been resort- 
d t as th t toi 1) w Id n t pply to all the circumstances 
f tl B f a I f h or rabbit, the water-rat, 

Iwfhf m t ftl k letons of ravens, pigeons, 
Ik d d !> 1 lud d m the relics of the fiercer 

t b nd ) h upp d th t tl ese were drifted in by 

l-q u u ts dppdtl u£,h the fissures, which are 
b tl num u and 1 m tl 1 m t ne in which the caverns, 

t tl m 1 1 t tl ted 

Th M tol th t tl m nmll T-toothed elephant, was 

1 f tl xt n t p hy 1 m ) then inhabiting the island. 

P f th an mal ha b f und in the Norwich Crag ; 

ha 1 p all f fe gant o proportions, some of 
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■wliieh have teen detected in North America only, and others in 
Europe. The tjgera of the period were larger than the largest of 
the Bengal race, as is proved by the fossil teeth and bones of the 
extremities that have been discovered, both at Kirkdaie and other 
places. And so, generally, of all the extinct canuTOra, in the 
qualities of strength and size, superior to all existing types, and 
cast in the mold of, as they had to contend with, the mammoths 
and monster theria among which their destiny was cast. 

And again, and again, will the questions recur to every curious 
reader of these details — when, and how, were these huge quad- 
rupeds exterminated, or driven from this island, some of them 
now utterly extinct, and some of them only generically allied to 
existing tropical races ? The epoch of their rule, according to the 
geological testimony, verges on the human age, if it does not 
actually run into it. Terror-stricken, stall we suppose, by the 
terrene and subaqueous movements which severed Great Britain 
from the continent — the nish of waters — the rending of the 
roclca — and th djgp flk sequent on the change — 

they sought a f 1 th g 1 wreck, where the weak 



were preyed up by th t d 


fi rce carnival, for a season. 


was maintained tl t t 


h le similar alterations were 


taking place o^ 1 g p li 1 


and the tertiaiy deposits 


were being dr ft d j m y f th 


mals, and whole families. 


would escape i to th d w m 


ountries, and some of the 


species, in co q m ght 1 g 


rvive the destniction of 


others. But h ltd d d [ 


ed of the means of per- 


forming their a 1 mj f th 


es of every kind would all 


more speedily p h p yi g n 


ly upon each other, and 


weakened by alt t f h b t. and the great physical changes 


to which they w bj ted tl 


Ararat of Yorkshire, and 


other favored ! ght th y f d 


temporary resting-place ! 


But, it was only temporary , for, as the island approximated to its 


present condition, it proved no longer 


a suitable dwelling to crea- 



tnres of their mold — tlieir course was run — and a new creation 
was to occupy their place. 

In closing these sketches of the geology of Great Britain, one 
may well marvel at the vast changes over the face of this island 



Host.d./Gciogic 



235 

and of all its productions, as read in Lhe varied and multiform dis- 
closures which the interior stnioture, formation upon formation, 
malces known to us. 

i , Mark the distinct character of ilie geological evidence of all 
the changes, oiganic and inorganic, to which the island and its in- 
liahitants liave been Bubjected. The evidence rests upon direct 
obsenation The registers are graven as with a pen of iron, and 
m (.haiaoters which to be nndei-atood have only to be read. The 
histoucal period, beyond two decades of centuries, is an utter 
bknt When Ciesar came into the island, painted savages peo- 
pled the land, Druids immolated in thousands their human tic- 
tims and, the brief occupation of the invaders past, we are again 
in^oUeJ. m the dariness of faarbfirous annals and exterminaiing 
wars of unknown tribes. Whence the migrations of its first in- 
habitants ? who were the Cymri that apoke the language of Cwm 
Llewelyn, and of Cefii y BSdd ? who were the Silures, the Trino- 
bantes, the Cantii, and the Atribates ? and whitlier and what the 
over- conflicting lines betwixt the territories of Picts, Celts, and 
Scots ? — questions these that will ever pnKzle and disturb the 
slumbers of the unhappy wight who deals in chronicle lore and 
archaeological history. What now of the oldest civilized states of 
the old world who gave law literature science, art, language, and 
blood, to all the families ot the eaith as the tide of population 
rolled westward, and the Quadrumana and the Bimana contended 
for mastery amid the dense aboriginal forests on the banks of the 
Danube, the Rhine, the Rhone, the Seine, the Thames, the moun- 
tains of Cambria and Caledonia ? Rome sits in ruined majesty 
by the waters of the Tiber. Greece knows not, and mourns not, 
the buried ashes of her mighty dead. Carthage has been blotted 
out. Tyre has fulfilled her destiny — " a place for the spreading 
of nets in the midst of the sea," The shepherd kings of the 
pyramids have not a name even among men ; and Thebes, Luxor, 
and Camao, lie as fossils in the desert. What of Babylon and 
her Tower on the plains of Shinar, that was to reach unto the 
heavens? and of Nineveh, " a city of three days' journey " to be 
compassed ? Mounds of earth and rubbish, over which the Arab 
has pitched his rude tent, and into which the prying antiquary, at 
the risk of his Hfe, digs for fragments, while the Tigris and 
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Euphrates pursue their heedless course through the wast* shmy 
borders of Ua and Mesopotamia. Thus mark how many ilhistrious 
heroes, scholars, lawgivers, who once fiDed the world with their 
fame, have, with all their splendid or iiseful benefactions to their 
race, passed under the thick cloud of obliyion ! The very names 
of the most noted of them is matter of dispute. And of the mul- 
titudes who panted after glory in these ancient days, not an inci- 
dent in the life of millions has reached the present times. 

But geology, as history, is truthful in the oldest as in the most 
recent of its narrations. How generally accurate in its family 
genealogies : their relations, kindreds, alliances, and individual 
peculiarities ; the length and strength of body, contour of face, 
size, structure, and capacity of head, eye, and stomach — all as 
precisely determined and described in regard to the " babitans " 
of the most ancient fossiliferous rocks, as the living possessors of 
earth, sea, or air. Look into our museums, cabinets, monographs, 
and palseoatological lists, and types of organic life are there, from 
which not only to number the tribes, but to tell of their own vary- 
ing states and conditions. Wonders there are in geology. But 
its most seeming fables are realities. The placoids and ganoids 
of the Silurian and devonian age, the exuberant flora of the car- 
boniferous, the giant birds of the triassic, the matchless reptilian 
forms of the oohte, the microscopic org-anisma of the chalk, the 
colossal mammoths and mammalia of the tertiaries, were alt as 
veritable productions of the island as the most familiar grains, 
grasses, and domesticated breeds which minister to our daily 
wants. How obscure, uncertain, and limited the range of human 
history ! How extensive, and boundless, and minute the pursuits 
of geology, which touches on the history of all creatures that ever 
lived through all their species, genera, orders, and classes, and 
even remoiints to the primeval condition of the planet itself during 
all the periods, phases, and revolutions of its existence ! But of 
maa there is no trace. Ko voice from the past, issuing out of the 
solid framework of the glohe, intimates the existence of the 
human family anterior to the last of those great physical changes 
which we have been contemplating, and over the wreck of whose 
organic tribes the epoch of the tertiary sections of its crust closes, 
2. The teachings of this science in physical geography are no 
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less definite than the astounding disclosures which it maltes in 
history— shadowing out, where mountain chmns now rise, the 
seats of ancient sea bottoms— creeks and bays by lines of mnd- 
atones and conglomerates — continents that have been formed from 
islands, and islands disrupted from continents — lakes, estuaries, 
and rivers displaced and silted up, and now become the richest 
depositories of our mineral treasni'es. The connection of Great 
Britain with France is a matter almost of demonstration. A zone 
of primary crystalline rocks encompasses the western coast of both 
countries, whence geology follows ihem from Wales and Cornwall 
into Britanny and Normandy The silurian devoni^m and carboni- 
ferous systems aie arranged m the same order on botli sides of the 
channel. Their i.halk coasts are identical A sucoeasion of ele 
vating movements deptesaioDs tniJ di&loeationb is (rateable 
everywhere along the southern counties of Eit(,land wiieie the 
line of disturbance from east fo west b-is sepiiitfd the chalk on 
the north and south, and elevated the Wealden into an anticlinal 
axis on the Sussex coast. The Isle of Wight has been so shaken 
by the convulsion, as to have been literally tumbled over, the 
whole cretaceous formation, and every inferior deposit subjacent 
to the tertiaries, being in an inverted position. The existence, too, 
of a vast connecting stretch of land in the Atlantic is far from 
being improbable, whence the rivers of the Wealden may have 
issued, as well as much of the detrital matter been transported 
which now constitutes, with their remarkable and varied organic 
exuviffi, the basins of London, Hampshire, and Paris. 

Very recenUy botany has come to the assistance of geology, in 
a manner as remarkable as it was unsuspected. It appears that, 
along the coast line of Great Britain and Ireland, there are seve- 
ral distinct floras or groups of plants, and all geographically 
related to existing families on the opposite coasts of the Continent. 
The flora of the west of Ireland corresponds to that on the north- 
west of Spain — the south-west of England, and also of Ireland, 
presents groups allied te those on the north-west of France, — and, 
again, one is common to the north coast line of France, and south- 
east of England, — while the fourth and fifth have their types in 
the alpine flora developed in the Scottish and Welsh mountwns, 
and the mixed and diversified tribes more generally distributed 
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oTer Ireland, England, and Germany. The assumption implied 
in this botanic speculation is, that these are the remains of a state 
of things no longer enduring, proofs of the existence of totter or 
colder climates than now prevail, and the indieatjons of a configu- 
ration of land and sea when a great mountain barrier extended 
across the Atlantic from Ireland to Spain. The distribution of 
the second and third sets of vegetation depended on the connec- 
tion of England wiih Prance and Germany, when a sea covered a 
large portion of the south of Europe, and tjie upheaval of whose 
bed, which constitutes the latest of the tertiary deposits, gave rise 
to a vast continent, comprising Spain, Ireland, the north of Africa, 
the Azores, and the Canaries, The alpine Sora of Scotlaad and 
WaleB was cfEected during the glacial period — to be afterward 
noticed — when the mountdn summits of Britain were low islands 
or members of an archipelago extending over the Frozen Ocean, 
and clothed with aa arctic vegetation which, in the gradual up- 
heaval of those islands and consequent change of climate, beeame 
limited to ihe summits of the still existing mountains. Professor 
Edward Forbes, adopting in this curious speculation the views of 
Mr. Hewet Watson, finds a corroboration of them in the peculiar 
distribution of endemic animals, especially of the marine and ter- 
restrial mollusoa. And he justly concludes that all the changes 
required for the events which he would connect with the distri- 
bution of the British flora, are borne out hy the geological phe- 
nomena that prevailed during the epoch of the several tertiary 
deposits. 

3. Geology, moreover, in deciphering the evidences of those 
stupendous operations which resulted in the statical, mineral, 
and organic arrangements merging in the modern epoch, incul- 
cates some important truths connected with the science of natural 
theology. The mind, indeed, can never escape, in these investi- 
gations, from theistio conclusions. Step by step, as we ascended 
through the component strata of the globe, witnessed the modifi- 
cations to which they were subjected, and observed the successive 
introduction and estinction of so many types of animal and vege- 
table life, we were just furnished with so many incontestable 
proofs of the direct interposition of Almighty power. If, indeed. 
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I can read anytlimg more clearly than another in these constantly 
recurring geological phenomena, termed epochs and formatjons, 
it is that of INTBRFB8BMCB with the established order of things. 
I am conscious that matter did not originate itself. I can see no 
power in what is termed a law of matter to constitute organic 
bodies. The originator of matter must be the disposer of all its 
forma. And when I see these forms so repeatedly changed, as- 
suming new shapes, and ^ving new scope for varied and multi- 
plied degrees of enjoyment, I have only the more evidences and 
illustrations before me, that creation and change are, in these 
instances, correlative terms. The quaj'lrupeds of tlie tertiary age 
are like nothing that preceded them in any of the orders or sec- 
tions of animal existence. Their size, structure, and abundance, 
equally rivet the attention. And, however long or short the 
period assigned them on eaj-th, tiiey constitute a group of organic 
statuary, too remarkable to have been slid in and out by the 
simple operations of material law. The geological fact, of forma- 
tion after formation, and of life after life, lies at the foundation of 
the sublime truth, that God is potentially in, arranging and dis- 
posing anew, the entire series of his works : and when I see this 
mundane scene shifted in all its parts, one system subverted, and 
another so very different introduced ; and, agmn, the organic and 
inorganic condition of things readjusted, and in keeping as before, 
I at once rise in the contemplation of the change "from nature 
up to nature's God." 

Geology, I should thus conclude, admits us a step nearer than 
any of the other sciences, even than astronomy itself, to the 
actings of the divine Architect. The revolution of every season 
demonstrates a piovidence — the workmgs ot a perpetual miracle — 
m its sustaining energies But geology shows us not the meie 
annual renovation tf things already existing but the circum 
stintes under which they began to exist The hat of Omnipo 
tence (cala through the bounds of ireation The eaith and tlit 
seia obey We see new thmgs stirting intc bemf, We are 
picsent as it were it the moment of their birth We see the 
molds out of which fhey aie fashioned -ind the first provision 
mide to sustain them Geology in a woid hangb up befoic us 
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one of the brightest and most diversified pages in the book of 
nature, inducing habits of thinking, and constantly reminding us 
of the facts and relations, that bodily and vividly keep before 
the mind the eyer-active impress of the Divinity at whose 
bidding— 

" Awakening nature teara 
The new ereatiiig word, and starts to life 
In every heighten'd fona." 
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FRANCE ANJ) S¥ITZERLAID. 
PART III. 

CHAPTER I. 

nEOLOCICAL STRUCTURE OP PRANCE — BASIN" OP PARIS. 
ORGANIO REMAINS. 



On the continental side of the Cliannel it will not be necessary 
to dwell, in minute det^ls, upon any of tlie systems of rocks 
wliich are here presented. What is France ? The tourist will 
say — A two hours' voyage from the sister isle — a salt lake separ- 
ates them-— '3 pleasure trip is the measure of their estrangement. 
The geologist will add — And when safely landed, one finds him- 
self among the sights and objects, the rocks and fossils, which 
engaged his attention on the coast of Albion, the cliffs and downs 
of both countries being composed of the self-same materials. 

I. The Physioal TJnioh oi Fbawcb and Kngland, although 
already adverted to, falls again to be noticed. 

The geographical distribution of the respective rocks of France 
and Great BritMn forms a remarkable coincidence in giving shape 
and contour to their generaj outline. Thus, the primaiy systems 
in both stretch along theii' western shores, presenting a vast bai'- 
rier-wall of the oldest and hardest rock against the incessant 
encroachments of the- Atlantic. Britanny and Normandy consist 
almost entirely of granite, gneiss, mica-schist, and siluxian rocks ; 
on these repose the upper suites of the secondary strata,— the lias, 
oolite, and chalk — trdnmgto the south and east. On the tertiary 
formations rest the secondary, naiTOwing in their basins, and 
g) (a4J) 
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preserving the same general line of bearing with the Enghsh beds, 
and in both cases teaching their maximum of thickness and exuber- 
ance of fossils around the capitals of Paris and London. Tlie old red 
sandstone is not indicated on the maps, nor is it clearly ascertained 
to possess a habitat in the district in question. The coal*measures 
are of veiy limited dimensions, but in their due order of posilJon 
at Hardinger, near Boulogne, and passing under the chalk and 
green sand, continue in an easterly direction by Valenciennes, 
Mona, Namur, and Liege, to Eschweiler, near Aix-la-Chapeile. 
The new red sandstone, of both diyisions, is amply developed 
along the eastern boundaries from Semoy in Ai-dennes to Lan- 
gr^a and the borders of Switzerland, On the west again, the 
tertiaries prevail from the mouth of the Gironde to Bayonne on 
the Adour, where they are exposed to the constant tearing and 
erosion of the rude surges of the Bay of Biscay, while in the in- 
terior, and over the district of Auvetgne, the granites and gneiss 
are widely overlaid by the overflowings of the most recent extinct 
volcanoes tht olde'ft and tl e ne^^ e^ t plufonic roeks diuo lying in 
immediate superposition and contact 

The rocks on this bide of the channel are not indeed every- 
wheie so well displayed nor do thcj ciop out with the same 
successive le^ulanty as in Bntam Over extensnc distnots some 
disappeai altogether while in oth(,i places pab,he^ are seen lying 
out of their due oriei of supeiposifion not th»t m these in- 
stance the ordei IS ever Molated but that some of tie intermediate 
members seem to be wanting, and the lemoter ones are n conse- 
quence found in contact. Still they conform to each other in their 
great line of section, and occupy the same constant relative posi- 
tion m their respective basins. Here, as in England, the Oolitic 
system embi'aces the Cretaceous, and extends in a larger semi- 
circle round Paris as a common center, stretching from Ardennes 
to Normandy. The Lias, again, is inferior to tlie Oolite, and, fill- 
ing a wider space, reposes on the transition slates of Virreville on 
the western coaat. The Plastic clay, London Clay, and fresh- 
water beds emerge in succession, and maintain eaeh their corre- 
sponding dimensions. A remarkable grouping of rocks, iOustrative 
of the order of superposition, occurs within the circuit of a few 
miles in the immediate vicinity of Boulogne, where resting upon 
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Coal, Oolitic marble, Purbeek and Portland stoie Iron tand 
Wealden clay. Chalk marl. Green sand, and Chalk The PI atic 
clay reposes upon the chalk at Calais on the east ot this gioup 
and on tlieivest stretches along the coast fiom Etaples to Trepoit 
The period during which the two eountiies contmued to be 
united superficially, extended down at Ipast to the hst f,ieat 
upheaval of the bed of the ocean, subsequent to the Pleiocene 
deposits, and probably even after the establishment of the euirent 
epoch. The different formations we h-ave been traemg are geolo 
gically connected over vast tracts of countrj these tracts once 
formed basins or inland seas, into which their ^e^eial imtes of 
materials were drifted ; the extensive region of the oldei forma 
f ion? were amply fitted to inclose them ; and when the uj>pe n osl 
01 pleiocene series of the Engliisli beds wcie deposited ane and 
the same shores and waters must have been common to the two 
ruuntiies — to the now insular as well as to tl e cf ntinental basins 
of the elosmg tertiary age. 

One feels a real and enhanced pleasure in tis researches, and 
Jiii speculations assume a wider and a loftier range, as he casts a 
Ejlince back to the white shores of Britain, and around upon the 
aspect of the country before him, and sees that he is still treading 
the same soil, threading his way among the same rocks, ascend- 
ing and descending the slopes and valleys of the same eartJiy 
accumulations, varied only by slight local causes. Embarked 
upon the Seine, and along the hanks of that lovely river, there is 
laid open for inspection a series of deposife, with every one of 
which we are already acquainted. The resemblance is even more 
striking when we examine tJie vast undulating plains around, and 
find the depressions, elevations, hills, and genei-al outline of sur- 
face all of a class ; and when we observe also the rocky foundations 
beneath to be one and the sam.e— extensions merely of the same 
scries of deposits, and forming at no very distant geological pe- 
riod integral portions of one great continent. 

Combined with the subterranean movements which occasioned 
the dislocations, and inversions often, of the strata on both sides 
of the channel, the aclion of oceanic cmTents and incessant beat- 
ing of the waves may be looked to as the instruments which 
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produced their severance. The proofs are ample of the eacroach- 
ments of the sea iipoa the eastern coast of England, the sites of 
towns, villages, and extensive fields, as marked on maps, mow 
forming aand-banks, islands, and marshy swamps. The promon- 
tories and cliffs of Torkshire, Norfolk, and Suffolk are still, as 
they were in Pennant's time, *' perpetually preyed on by the fury 
of the German sea ;" the whole site of ancient Cromer is now 
under its waves ; the towns of Shipden, Wimpwell, and Eccles, 
have entirely dLaappeared ; large manors and even parishes have, 
piece after piece, been swallowed up ; nor has there been any 
intermission, from time immemorial, in tLe inroads of the sea 
along a line of coast twenty miles in length, in which these places 
stood.* The ravages, from the same cause, have been equally if 
not more violent on ttie shores of the channel, the Straits of Dover, 
and tte whole south coast; where slips of enormous magnitude 
are frequently recorded, cliffs undermined, and lands of consid- 
erable extent carried into the sea. The Isle of Wight, the penin- 
sulas of Purheck and Portland, the promontories of Devonshire 
and Cornwall, have all received their shape from the destructive 
agency, as tliey are still preyed iipon and consumed hy the tides 
and currents to which they are incessantly eiposed. The French 
coast hears similar testimony to the inroads of the sea. From 
Calais to Cherbourg, with its niagnificent dock-yard, the line of 
shore is everywhere indented and stripped bare, the strata under- 
mined, and huge masses toppling over the ahyss or rising info 
lofty pyramids of the most grotesque and varied fonns. Bri- 
tanny lies open, on every aide, f« the full swell of the Atlantic, 
where very recent as well as more ancient history attests the 
ravages of tlie waters in the destruction of towns and woods, the 
inundation of whole parishes, the severance of the hill of 
St. Michael from the main land, and, according to tradition, 
in the obliteration of the south-western district, of unknown 
extent. 

Familiarized to facts such as these, and their necessary deduc- 
tions, the mind no longer startles at the notion of the former phy- 
sical union of the two countries. The agency seen in operation 

* Ljell's Principles of Geology, vol. i, p. 269. 
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is demonstrably adequate to the ff t Th t t. 

Ttcir greatest deptli betweea D d C 1 is t ty 

fatlioms. The bed throiigliout i mp d f th m t turn 

of chalk-rock, while a submarine h a tnlngf mBuI 

to Folkestone la only a few fathom d 1 w t A il 

ingly the -wave of the mighty oc t am p t d th 

western coast, met tide after tid n th pp t b k t th 

connecting peninsula or narrow ton f 1 d th p t n 

winding round by the Orcades nd 11 

and the other portion beating o th h 

west. The softer sedimentary dp ts 

rapidly yield to the constant eros t 

the chalk, bared and undetrmi d w Id 

thiis, in a period comparatively ) t tl 

cairied away, and the gulf of sep t n b 

As a proof that France and Engl d n t d d th t th 

operations wei tjn i iA th h maa epoch, M. Desmarest, 

in his prize ea^ay n th ubj t p posed in 1763 by a society 
at Amiens, add th f t th t tl nosioua animals in both 

couatriea are d ufi al aturea wh h were not fitted to swim 
across the str t -md n t fa kind to be willingly intro- 

duced by man B t D n a t tl only followed the views 
of an older writer, and from whose work, " Kestitution of Decayed 
Intelligence," all his facts and reasonings are obviously borrowed. 
This curious volume is the production of Richard Versfegan, 
written about two hundred and fifty years ago, and dedicated to 
James I. of Great Britain. The piincipal object of the author 
is to trace out the origin of the western nations, and more espe- 
cially of " the most noble and renowned English nation," as dis- 
coverable in their language and other antiquities. The fourth 
chapter of this qumnt work is entitled, " How the Isle of Albion 
ia showed to have been continent or firm land with. Gallia, now 
named France, since the Flood of Noah." Verstegan holds the 
doctrine that " in whatever manner and form it pleased Almighty 
Gud, in the beginning of the world, to divide the sea from the 
diy land, is unto us wholly unknown; but altogether unlikely it 
is that there were any js^es before the deluge;" and to this event 
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he ascribes tJie disruptioa of much of the dry land and the forma- 
tion of islands. The connection of France and England continued 
long after tliia, and their severaace, he believes, was produced by 
the operation of existing causes. The narrow isthmus by whicli 
they were conjoined extended across the Struts of Dover, just 
as Africa is united to Asia by the Isthmus of Suez, or North and 
South America by the Isthmus of Panama. This isthmus was 
b ea hed by the at of the ea on both sides, but the sea being 
/ e r on the re t de the ur ent swept with greater violence 
th oTigh 1 u w I ann 1 toward the most huge Western 
Ocean t! e g eater d der of E irope and Africa, from the late 
found Am a H n e te identity of cliffs on the oppoaite 
J f th tra t th bn me ridge "whicli extends from 
Folkestone to Boulogne, the existence of marine shells all over the 
Netherlands and adjacent countries, aad their consequent sub- 
mergeuee before the sea was permitted to retreat through the new 
course produced in the isthm s and no vay s tl ere el d to be 
found or imagined, whereby tl ese seia m ^ht be dra ned o 
drawn away." He refe to the d nt ty al o ot the nox ous 
animals in England and F anc when o sle continu ng s nee 
the flood fastened by nature to the ^reat cont nent these w Ite I 
beasts did of themselves pas ove nor s the arthq al e on tted 
by the writer, in his enume at on of au s vhe eby the sea 
Srst breaking through, m ght afterwar 1 by 1 ttle and 1 ttle enl-irge 
her passage ; and the labor of n an ti o had ts share vhen tl e 
inhabitants of the one side o tl e otl e by occas on of ■« ar d d 
cut it, thereby to be seque tere 1 nd fieed t on the enem es 

Such is the train of ill st a on employed by E cha d Ve sfe 
gan, at a time when the ate of tl e s en e of g olOj,y could 
famish him with few help and hut 1 ttl indeed 1 as been added 
by subsequent observers, ex ept a few add tionaJ fict. and nf r 
ences, which serve to confirm his conclusions. He remaris that 
such too had been the opinions of others, as of Antonius Voiseus, 
Marius Niger, Servius Honoratus, the French poet Bartas, and 
our own countrymen, John Twin and Dr. Richard White; but 
these simply held the connection of the two countries as a matter 
of opinion, without laboring to find out " by sundry frequent 
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reasons, that so it was indeed." * England long^ dominated in 
France, crowned lier princes Sovereigns of Navai're and the adja- 
cent provinces, and Agiacourt, Creasy, and Poictiers tell where 
man waged war against his fellow-man, over tlie remains of races 
long extinct, denizens of the same land, and propelled by instincts 
fierce alike for mastery or destruction. Wliat a moral effect has 
been produced by the physical severance of the two nations, not 
only to themselves, hut to the rest of the world ! Great Britain, 
freed from the connection, can well afford to repose in peaceful 
majesty on her own shores, improving the arts, extending her 
commerce, and communicating, as the moat noble and renowned 
nation the bleasings of religion to the remotest parts of tke globe. 

, II, Oeqanio Remains, There are three districts in France 
wMeh claim the special consideration of tlie geologist. The first 
comprises the basin of the Seine, of which Paris may be regarded 
as the center; the second is the basin of the .Loire, extending in 
the direction of the rivers Gironde and Adour ; the third is the 
volcanic district of Auvergne, embracing the tertiary and lacus- 
trine formations, which have excited much geological speculation. 
The Silurian beds of Britanny are in many places absolutely loaded 
with Trilobites, which have found an able expositor in M. Marie 
Renault; and the New Red Sandstone, which skirts the Vosges 
mountains, is ec[iially remarkable for the fossils, vegetable and 
animal, peculiar to the Permian system. 

The Basin 0¥ the Sblnb, The series of rocks included in 
this district, are described as the Paris basin formation, where, 
amidst their fossiliferons remains, the genius of Cuvier shone forth 
and captivated the world by Ms wonderful disclosures in the 
science of comparative anatomy. The deposits occupy a depres- 
sion in the chalk upon which they rest unconformably, hke those 
of the London basin i they agree generally in their organisms, 
but differ considerably in the quality of their respective materials. 
Blue clay with imbedded calcareous and argillaceona bands 
characterize the London formation, while that of Paris is distin- 
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^ 1 1 t upe b Ian fit! mesL e 1 1 

gyp inn Ihe e rocli ''^^,0 o e i v.^ extent f s perhc al 

ea be g n tlie r g eate t lenctl f om N E to b W abo t one 
hu d ed and e ghty n le a d f om E to W ab ut n ety milei 
Tl ey bel n^ to the Eo ene pe od co t of site nat ng ^ oui s 
of Tnarme and fre h w ter t ata and 1 ave b en t t n^ed n tt 
folio ving order aceor lin^ to tl e o ectpd d b.^t m of M Con 
tant Prevost wl o La consideral ly n od i d the earl er tab K 
s of Cav e ind B ongD t — Pla t c cl y Galea e 
s 1 eux G} psum Ma 1 Ma ne and f e 1 
vate strata 

The plas tc d y a id scmd cons it of nte calatin{, argillaceons 
and gr tty beds onta n eg; a cons de able quant ty of 1 gn te and 
fresl y ter b1 ells Tl d po t a not nf n o ill o ^1 o t 
tl e bis n nor is t alwaj lowe t n pos t on In some plot, a 
t e ta upon i m r ne calca re gro e a 1 n t! e place t s 
m xe 1 I d mbedd d n t clea ly 1 oil g tl at a nver 
el ar d w tl r^illacoo s &ed ment entered a bay of t!i sea and 
drifted do t om time to time wood an I f esl vate si elb 
Ho rema of m-immil a have been dete ted n the plasfio eUy 

epos ng th cl li T/e la e jross e composed f a 
coarse lime&tone often pass ng mto sand and ext nely 1 n 
t &tac a a loc 1 ty n ar Ggnoa alone fmuslm^j ho t f r 
h ndred di tm t pec es The Gal aire s h t .x s a compact 
s he on limestone almo t destitat« of orgamsms and t om ts 
st o g esemblan e tJ the prec p tales of m ne 1 sp ngs as well 
as the fact that the few fossils contained m it are all oi the land 
and fresh water ipecies, it is justly inferred that the deposit is of 
fresh watei ongm The Gypsum, with its associated Marls, is a 
sacchaioid rock of considerable thickness, aad constitutes the hill 
of Montmartie and other elevalaona toward the center of the basin. 
Here occur the lemarkable variety as well as abundance of those 
organic remans wluch have ^ven so much celebrity to the Paris 
basin. Fishes, reptilea, erocodl to t brds, bats, mice, 

squirrels, opossums, gigantic mamm th An plotheiiwms, and 
pahn-wood, are all intei-red in th pt 1 f the extinct dead. 

The remains of about fifty ap f qu doipeds alone liave 

been detected in the deposit, m f t! to the i 
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organ, in tlie bigheat state of pi-eservatioa — al! of tliem extinct — 
and nearly four-fiftlis belonging to a division Pachydermata or 
thick-skinned animals. Immediately above tJie gypseous forma- 
tion is an oyster-bed, of great euperflclal extent ; tMs is succeeded 
by beds of sand, entirely destitute of fossils, forming a sidtable 
covering to the countless millions wliicli lie interred beneatt. 

Reader ! pause and reflect upon this ennaieration of the rocky 
sti-ata, and their contents, which compose the Paris basin. What 
vast accumulations, now of terrestrial floods, now of inroads 
from the ocean—here a deposit, testifying ts the fact of some 
great inland lake, with huge nioaslei-s browsing on its banks or 
reposing in its shallows — there another, bearing witness to " the 
strength of a mountain river," combating with the waves of an 
estuary, and each wearying of the conflict and minghng their 
spoils from land and sea in one common mass. Neptune is again 
triumphant, and leaves as the trophies of victory whole families 
and tribes of his own domains. Silvanus now asserts and estab- 
lishes bis reign, and the Genet, Raccoon, Opossom, the Squirrel, 
Woodcock, and Buzzard are there fo proclmm his sway. The 
Nereids too had their doings, and both genera and spec'ea of 
seven extinct nondescript fishes show their powe And last 
of all, come the Naiads of the streams, presenting yo m ti tl e 
offering in the Quwl, Curlew, and Pelican, along v th Torto ses 
and Crocodilians. Count and ent«r upon your li t a fo nd n 
the gypseous formation alone, eleven or twelve spec es of tl e 
Palteotherium, an animal partaking of the respect ve stietureti 
of the rhinoceros, the horse, and the tapir ; of the Anoploiher m 
five species, commingling the light and graceful fo m of tl e 
gazelle with the conformation of the camel ; fifteei sj e es of the 
Lophiodon, closely allied to the former, bixt pai'tak ng also of tl e 
qualities of the hippopotamus ; seven species of tlie A tl aflothe 
rium, a ci-eature whose dimensions thi-ough the vaio s neahe s 
of the family swell out from the size of the hog to that of the 
hippopotamus ; the Chteropotamus, allied to the su dfe and to -m 
ing a link between the Anoplotherium and the existing Peccary ; 
and, lastly, as closing the list of this remarkable race of thick- 
sldmied animals, we are presented with specimens of the Adapis, 
of hedgehog appearance, but in size three times larger, and 
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uniting in characters the iusectivorous carnivora with the Pachy- 
dermata. 

It is recorded of Newton, that, toward the close of his wonder- 
ful calculatioiia, when it seemed that tlie arithmelicaJ results were 
to be in hai-mony with the dynamical problem to he solved, when 
he felt oa the verge of determining one of the most important 
laws ever discovered by man, and which forever would bind the 
heavens to tlie earth — fie nerves of the calculator gave way for 
a time, and he was unable to finish his taak. He called in the 
aid of a friend, pacing the room in tumultuous agitation while the 
few last terms were being added. It is impossible for any other 
mind to reaiize the intensity of tlie geomei«r'a feelings when the 
result was announced ! Knowing how trifling & novelty will at 
times agitate the finest minda, no wonder need be that Newton 
was affected by an unconti'ollable tremor, when he saw that the 
discovery was made and tested, not only of the law that binds 
together the particles of matter which compose our earth, bat 
also that which unites the heavenly orbs in all their majesty with 
the simplest of teiTestrial phenomena ; and demonstrates that, over 
the descent of a leaf in the forest — tie drooping of a blade of 
grass — a pebble tossed upon the shore — a mote rising and falling 
in the sunhesim — a drop issuing from the r^n-cloud — there is the 
same regulating power as that which retains the planets in 
their orbits, and determines their coui-se through infinite apace- 
Cuvier, in simple hut eloquent words, has recorded, in the Intro- 
duction to his "Oasemens Fossiles," the state of Itis feelings as 
he established his discoveries, and proceeded in bis task of recon- 
structing his singular menagerie from the dry bones of Montmartre 
in the basin of Paris. " I at length," he says, " found myself as 
if placed in a charnel-house, surrounded by mutilated fragments 
of many hundred skeletons, of more than twenty hmds of animsda, 
piled confusedly around me ; and the task assigned me was to 
restore them all to their original position. At the voice of com- 
parative anatomy, every bone and fragment of a bone resumed its 
place. I cannot find words to express the pleasure I experienced 
in seeing, as I discovered okb CHAEiCTEH, how all the conse- 
quences which I predicted from it were successively confirmed ; 
the feet were found in accordance with the characters amiouneed 



.,Co(>i^lc 



tCCTimE OF FRANCE. 251 

by the teeih ; the teeth in harmony with those indicated before- 
hand by the feet ; tlie hones of the legs and thighs, and every 
connecting portion of the extremities, were found set together 
precisely as I had arranged them before my conjectures were 
verified by the discovery of the parts entire ; in short, each 
species was, as it were, reconstructed from a single one of its 



Cuvier proceeded upon the principle, that every organized indi- 
vidual forms an entire system of its own, all the parts of which 
mntually correspond, and that none of these separate parts can 
change Iheir forms without a corresponding change on the other 
parts of the same individual body. Where the viscera, for exam- 
ple, are so constructed as only to he fitted for the digestion of 
recent flesh, it is requisite that the jaws should be so formed as to 
fit them for devouring prey — the claws for seizing and tearing it 
to pieces — the teeth for cutling and dividing its flesh-vthe limbs 
or organs of motion for pui-suing and overtaking it — and the 
organs of sense for discovering it at a distance. But under this 
general principle in the structure of carnivorous animals, the 
ingenious anatomist further discovered that there are several paa'- 
ticular modifications, depending upon the size, the manners, and 
tlie hanats of prey for which each species is destined or fitted by 
nature ; and that, from each of these particular modifications, 
there result certain, differences in the more minute conformations 
of particular parts. Hence it follows, that there will exist dis- 
tinct indications in every one of their pea'ts, not only of the classes 
and orders of animals, but also of their genera and species. 

Thus, in order that the jaw may be well adapted for laying 
hold of objects, it is necessary that its condyle should have a cer- 
tain form ; that the resistance, the moving power, and the fulcrum, 
should all have a certain relative position witli respect to each 
other. To enable tiie animal to carry off its prey when seiaed, a 
corresponding force is requisite in the muscles which elevate the 
head ; and tiiis again gives rise to a determinate form of the 
vertebree to which these muscles are attached, and of the occiput 
into which they are inserted. The teeth of a carnivorous animal 
require to be sharp, in proportion to the greater or less quantity 
of flesh that tJiey have to cut; their roots to be solid and strong. 
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in. proportion to the quantity and the size of the bones that have 
to he hroken ; and these conditions of structure will necessarily 
influeiiee tlie development and form of the several parts that con- 
tribute to move the jaws. 

The strength of the claws, in like manner, aaid the mobility of 
the paws and toes, have a necessary relation to the forms of the 
bones in the feet, and the distribution of the muscles and tendons 
by which they are moved. As the bones of the forearm are 
articulated with the humerus, no change can be made in the foi-m 
and stlTicture of the former without oooasioning eorreapondent 
changes iu the form of the latter. The shoulder-blade also, or 
scapula, requires a correspondent degree of strength in ail car- 
nivorous animals, while the play and acljon of the several parts 
are dependent on the muscles which set them in motion, and the 
impressions formed by these muscles stall further determine the 
forms of all these bones, Agmn, the shape and structure of the 
teeth regulate the forms of the condyle, of the scapula, and of the 
claws, in the same manner as the equation of a curve regulates 
all its other properties ; — and, as in regard to any particulai' curve, 
all its properties may be ascert^ned by assuming each separate 
property as the foimdaijon of a particular equation, in the same 
manner a claw, a shoulder-blade, a condyle, a leg or arm bone, 
or any other bone separately consideredj leads to the discovery 
of the characters of teeth to which they have belonged; and 
reciprocally from the teeth we are eniabled to discover ilie struc- 
ture and forms of the other boneo 

Thu-, (.onductmg his mvestigations by a caietul survey of the 
bones md oi^ans mdividuaUy and separately the slillful anatomist 
was enabled to re^'onstruct the whole anmial to which they 
severally had belonged The ordeis likewise and subdivisions, ot 
herbivorous ruminant hoofed and dovtn hoofed animals ho 
determined with equal pre(,isi n and found to result fiom the 
same constant laws of organization By employmg thL method 
of observation wheie theorj was uo longer able to dircot his views 
Cuvier was furnished witli other astonishing results. The small- 
est fragment of bone, even the most apparently insignificant 
apophysis, he found to possess a fixed and determinate character, 
relative to the class, order, and genua of the animal to which it 
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belonged naom ch tl at vl n he ob rved merely the articulat- 
nt, estr m ly of a ell presened bone lie could at once ascertMn. 
the spe ea a? e ta lily a. f fl e ent e animal had been before 
1 a Pro eed ng fter th rr eth 1 aseiated by analogy and 
sict compa n C er ha been enabled to determine the fossil 
m-nsL. f se enty e ght different quadrupeds, in the viviparous 
T d o iparou classes Of thea forty-nme are distinct species 
} tl erto unknown twenty s en of which are referable to seven 
n v genera 1 d tl e othe twenty two new species belong to six- 
tee genera or sub „enera al ea ly known ; while the whole 
imber of gene and sub genera to vhich the fossil remains of 
[ id upeda uveal gated belong a e thirty-six, including those 
L h f inown and nknowa sj ec es some hoofed animals not 
t 11 d S m rumina t — others gnawers and others carnivor- 
E — two ot the slotl genus toothle^ — and two, amplibious 
animal of two dist ct genera 

Such are the t umphs of ac en e vhich always lead to a pro- 
f mder ■idm at on of the w rk of Niture, in the immensity and 
onsta y of thoa laws that have p evaded through all time, and 
whe e he dom and tores ^ht a e demonstrated by a series of 
system t o contr ance and mutual adaptations to which she in- 
va al ly adl e es In the remote n laible depths of space, slight 
sc llat ns 1 a from t me t< t ne b en detected, and following 
p the re ea che ast on mv as announced beforehand, is re- 
warded by the discovery ol a new planet. The earth g 
dead, entombed for ages in its stony matrix. At the '. 
science their figures are restored, their habits determmed their 
very food ascertmned, their characters for ferocity or otherwise 
brought to light, and they are all, each after their kind, called by 
their names. What a mastery in all this over the extinct foims of 
organic nature, as Kewton manifeated in a difteient way in his 
wonderful deductions and calculations respecting the molecules of 
inorganic nature and the physical heavens ! 

III. The Paris basin, which consists of flie lower or eocene 
series of the tertiary system, is inclosed nearly on all sides by the 
middle or miocene group of strata. These, however, are most 
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fuUy developed along the district of the Loire and its tributaries, 
as fJie former are chiefly confined to the water-shed of the Seine 
and the environs of Paris. We thus advance a step upward in 
the Course of Creation, while so far as geology has been able to 
mark the progress the last stages of the stnpendoas work, prior 
to the introduction of its noblest mLabitant ire to be discovei-ed 
in the pleiocgnk deposits (hat mmediatelv succeed, stretching 
over the western shoies fiom Boide ux t Bayonne. 

Thb Basis of the Loire J^e to Its which compose these 
upper layers of the e u th s crust have all a famdy resemblance to 
the tertiariea already described In the d strict of the Loire the 
imocerte beds oons ^t gen i-^lly of ]ua tzoee sand, 
broken shells, mostly loose and earthy but in man; 
glutinated by a ealoareous or ferniginous cement, st 
for building purposes The filuns as they ai'e 
termed, resemble the crag of England abounding ii 
mammiferoua remains incrustLd with berpulse flustra; 
The deposit is seldom abo\e seventy feet m its greate 
Betwixt Sologne and tJie sea, patches aie found to rest s 
upou gneiss, clayslate, the coal-measures, Jura limes 
stone trap, chalk, and the upper beds of the eocene series. The 
pleiocene beds are not materially different iu their lithological char- 
acters from those of the miocene group : blue clays, marls, and 
osseous breccias are among the prevailing strata ; and sittings of 
sand aud gravel, only distinguishable by their organic remains 
from the alluvia and superficial drifts of the cuiTent era. Vol- 
canic products aie often largely mixed up with these pleiocene 
beds, and ui districts where, in addition to the fossil evidence, 
they clearly establish that they belong to the class of extinct vol- 
canoes, as the sedimentary deposits are themselves determined to 
belong to the pleiocene age. 

The interesting peculiarity conuected with these two groups of 
the tertiary system is, that here aU animal as well as vegetable 
life approaches a step nearer to the existing family types. Ana- 
logous species of molluscs are more numerous, the testacea in 
many instances being identical with those of our modem seas. 
The mammalia ai'e likewise more akin to those of our domesti- 
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ca'ed tribes ntere tie tjrse is btrikingly pipfigmed in the hip 
putliermm tte doif m the a^Tiottiermiii and the cat m fehne torma 
1-, Hrge 13 lions The glutton and the beai have al&j then cnni 
peeis noi <ire the foi. hare and moiise without their lepiesen 
titiTes But the m-itvel tl the foimatun is the Dihotherium oi 
gigantic tapir whose dimension'' m eTeiy or^^an and niemher are 




stupendous The dmotheriam-«as scertmialYpossP'ised of powers 
nhi h enabled him at once to eieicise tlie digging piopensities of 
the mole ind amphibnus habits of the wilruf. a trunk projecting 
ne 111; a'i long as thit of the elephant and two enormous tusks 
Icpendmg finm tlie lower jaw Thi=i animal was partly terre'stnal 
indpaitly ai^uatic and hence says Di Buokland the tuats may 
also have been applied to hook on the hcEid tn the bank with the 
nostrils austamed above the water so as to breathe securely 
duimf, sleep whde thi, body remained floating at ease beneath 
tht surface Thus would he repose moored to the mari,in of a 
like or river — the huge body of eighteen teet m length with a 
conesponding thickness indolonily basking m the sunbeams oi 
quietly cooling after exertion in the limpid wave — and these 
in>rraous tusLa leady to leleasp him at a be ind when attacked 
h; the enemv beneith Thi, dmothenum exnttd duiinj, the 
miocene period and constitutes an mteiTnediate link between the 
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tapir and the mastodon. It has left abundant i 

basin of the Ehiue, in Bavaria and Aiistria, and in several districts 

of the foi-madon in France. 

The tertiaries have a wide geogi-aphical distribution, and cover 
a vast extent of superficial area. Stretching iroin the Khone to 
the Danube, they are found in every part of central and southern 
Eui'ope, along the Juiian Alps, and over the interior of Italy, from 
Ancona to Turin. The eocene group is ascertained, from the 
character of its fossils, and especially by its niinimulites and echi- 
noderms, to extend from the Mediterranean, through Egypt, Asia- 
Minor, and Persia, to Hindostaii, and there to occnpy large re^ons 
forming the western and northern limits of Briiash India. This 
enormous maas of tertiary strata was drifted into lakes or estua- 
ries, whereby the mind is carried back to a period when Europe 
■was chiefly lacustrine, and all these countries eastward were as 
yet submerged in their waters. What explanation can geology 
give of their elevation to the surface ? A scene of volcanic agency, 
now and be/ore the modem epoch extinct, remains to be noticed, 
which in part at least will furnish a probable solution of the 
changes then in operation or completed. 

Central FbabCb, consisting of the districts of Auvergnc, Ve- 
lay, and Viverais, is universally admitted by geologists to be of 
volcanic origin. The most cursory glance at the dome-shaped 
hUls, the basalt, trachyte, and BCorJaceous ingredients of which 
they are composed, at once satisfies the student of nature as to 
the class of rocks among which he here treads. This region lies 
upon the river Rhone, nearly in the angle formed by it with the 
Mediterranean, and covers an area of forty or fifty leagues in 
diameter. Here are associated, perhaps, the earliest and the latest 
products of Plutonic action, the primary granites, and the basaltic 
lavas of compai-afively recent times. The granite is flanked on 
the south and west by immense overliers of gneiss. It may be 
described as the highlands of the country, whence all tlie great 
rivers, the Seine, the Loire, the Gironde, and their principal 
feeders, lake tlieir rise. The mountmns, though not remarkable 
for elevation, now that we are approaching true Alpine peaks, 
reach the height of four, five, and six thousand, and the Aurillao 
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group to nearly seven, thous-ind feet above tte level of the sea ; 
but what a geological senes of events is embraced witliin the 
period of their physical histoij The great depository arrange- 
ments of the globe hive one and all, succeeded to those par- 
oxysmal movements that raised their tops above the primeval seas. 
Bace after race of living creatures bave enjoyed their span of ex- 
istence, to be mixed up with the strata which during the interval 
have been collected aud arranged in tlieir various systems. The 
crust of the eai-th from time to time was disrupted. The depres- 
sions and fissures were as repeatedly replaced with new matter. 
Tlie tertiaiy period dawned upon Creation, when plain, lalie, and 
seas, were all teeming with an esuberance of ten'estrial and aqua- 
tic life, — aud when agmn all in tKe region of Central France was 
disturbed, and these newer molten rocks were erupted from be- 
neath. The subterranean fires, wherever seated, were thus, after 
the lapse of geological epochs, sfill glowing with intense vigor. 
And, just bordering on tiie advent of man, the two classes of 
rocks would seem to have been placed in the closest proximity, as 
if to remind him, that the same Omnipotent agency which created 
every single atom of his earthly habitation, Ukewise determines 
every movement and advance of the structure, and makes the 
neai' and the remote equally manifest the thunder of his power. 

There cannot exist a doubt that the district in question was the 
seiit of an extensive chain of lakes, irobosomed amidst the primary 
rocks, and silted up during the currency of the tertiary age, partiy 
by sedimentaiy and partly by igneous matter. The unstratified 
masses which encircled their waters, still stand out in bold relief 
from the well-defined strata that now occupy their basins. A walk 
up any one of these valleys — and they are innumerable — or among 
the COUPS, hundreds of which are scattered over the high grounds 
in the vicmity of GergovJa, wiU present to you in sti'iking contrast 
these extremes of natural masonry. One can almost trace, in 
some localities, the very fissures which opened in the sides of the 
granite rocks, whence issued the molten flood that first perturbed 
the waters of the pure silent lakes. No straining of the imagina- 
tion is indeed required to trace the whole progress of their silting — 
now in the dark lava-current from the bowels of the earth, and 
HOW in the collected debris from the mount^n sides, hmried down 
Si 
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hj tlie ton-ent or by their own convulsive throes — hoi'e the fine 
coimminited sand, gently carried in by the stream, and there the 
waste of animal life forming entire bediS of calcareous mark of 
sljl! unsullied freshness. In the whole range of geology there is 
not, in fact, to be found anything more instructive and interesting 
than is displayed in these laonstrine deposits, the extreme thinness 
often of the beds, and the beautiful regularity of their superposi- 
tion, The lavas intermix, and alf«raate repeatedly, witii the alluvial 
and organic strata. A myriad of trickling rills fling themselves from 

the Upheaved ridges, so green and flowai-y to their summits ; ftey 

are collected into streams in the different ravines, and sweeping 
through the deep-cut gorges, lay open, tfee interior to the depth of 
many iiundred feet. Here the various igneous and aqueous 
groups can be read and studied in detfdl, as they were quietly 
deposited or violently strewn upon one another. 

The hill of La Roche, in the Puy de Jussat, presents a face of 
a variegated quartzose grit of nearly seven hundred feet in thick- 
ness. At Chamali^res, near Clermont, the sasoe deposit is equally 
well exposed. Green and white foliated marls are very abundant, 
attwning a thickness sometimes of sis to seven hundred feet, and 
consisting chiefly throughout this immense depth of the shells of 
Chfjpris, a genus which comprises several species, some of whicli 
are recent, and still existing in the waters of our stagnant pools 
and ditches. The structare of these beds, in this volcanic region, 
is as remarkable as the materials of their composition. The strata 
divide into plates thin as paper, which are piled up into lammated 
masses of several hundred feet, of various colors, but the white 
and green prevaiUng, and the whole sometimes covered by rocky 
currents of traehytic or basaltic lava. Gypseous marls, similar to 
those of Montmattre have also contributed to the siltino- up of the 
11, 1 tStRm thj kddt nsiveiy 

u d t am tal puij A m k bl d p t occurs 

mgtK temdth d mil inetmth circum- 

taftatnmth d ft bui<ir-form 

p f tb tthtntly tddi idually 

toward the mcrement of the rock, but possessed the power, like 
its existing analogues, of attaching to its body a load of shelly mol- 
luscs, in some cases no less than a hundred of these minute shells 
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be It, amn£,(d t.i Diand one tube while tfii oi twelve tubes are 
pii,ked ■within the compias of a cubic inch Some beds of this 
1 mestoiie are siz feet thn,k and may be traced ovti a con&idera 
hli aiea showing the countless number of insects *uid molluscs 
which Lontributed their mtegumrnt'M and •^heUs tj compose this 
n^uiarly construi-ted t-- It The fibulai coralline locta of the 
Iveelm islands bear some tamt lescmhlanLe U> these antient 
urj^dnii. deposits wheie the inswts build from beneath and gia- 
duilly mount to the surtace of tlie oeean when then work is dune 
ind they peiiih The Phn/ffanew ot the teitiaiy a^e enjoyed 
tl cir brief hour m the sunshine luIfiUed then destiny siiit mto 
tlie Aiateis ind lontiibuted to form iolUs ovei the i bottom 

Ih y weaxud not hke tJie e-?:i6tjng lacea of buUdera tlieu own 
i-L Olid fhta^h the matenah m whiih they iie entombed are 
rm nly jf then own constnit-tjon — Loncietionary plates of the 
hnc^t teituie and mdestiuctible as marble 

The lacTistrme deposits in the department of the Haute Lone 
aie nearlj identical with those nrw described but Lume'Jed ^eiy 
niULh by the la^a and scorise thit ha^e flowed tut ii immen'je 
quantities in the trough of the nyer The best bettions ate ex 
posed near the town of Le Puj where the "sidimentary and crup 
ted rocks are beautifully intcrstratiiitd The Aurillat bisin in 
Cantal is tiled with similai materials altlioUj^h tbeie is a greater 
proportion of silicioui strata mixed with the caieoreoua marls 
Indeed so much in this distin-t does tie silex piedommate that 
a bed ot tertiary limestone is coveied with nodules of fiint and 
resembhng in ippeirame the upper chalks of England The 
fossil remain', however clearly mark the distinetion where we 
have the shells of the Planirhs fa thost, of the U lunvs and 
other fie^h water te tacea instead of the n iune type^ t the Cie 
taceous foimition 

IT. Gbhbral CoBLcusious Thih dialritt has been the theatei 
of great ^ olcanie action The epoch of ita actmty la dearly de 
termined by the undoubted tertiaiy character of the formations 
with whi(,Ii its poious 111 IS ind scon e are intermixed Basalts 
and tratlijtci of the amc age texture and quahtics aie to be 
found in the various oountiie'. through which the depobits have 
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been traced. The granites, porpiiyrics, and greenstones we have 
seen successively employed in raising up the symmetrical rocks of 
the grand palseozoic systems, and thei-eby giving shape, stability, 
and access to the economic and gradually-augmenting volume of 
the crust of the globe. Can we see in these last extinct throes 
of the interior, the operations of the same great Final Gacsk — 
the OTerruling hand of power, wisdom, and goodness in the 
mineral arrangements and diversified ingredients of our earthly 
habitation ? 

Take a glance at the extent and geographieil situati n of this 
family of rocks. Everywhere among the Audeo and C rdilleras, 
there are evidences of the elevation of large mountam-traots, 
throngh the agency of volcanoes now extinct and piobably of the 
age in question. A volcanic region in the north of ^pain extend- 
ing over twenty ^quaie lej^ues from Amer to Massanet in Cata- 
lonia, is situated among the loner beds of the system, penetrating 
a nummulitie limestjne lad other strata, conjectured to belong to 
the age of our green a'ind and chalk. The Drachenfela on the 
Rhine and the Eifel chain of tdls near Bonn, are likewise refer- 
able to this class of i oli anic ejeutions. TJie Katakekatimene tract 
of mountains, in Asia-Minor, is composed of comparatively recent 
volcanoes, where Mr. Hamilton conceives the great cones of Mont 
Dore, the Cantal, and Mont Mezen in central France are repre- 
sented by Ak D^gh, Morad Bhgh, the trachytic hills east of 
Takmak, Hassan DJigh, and Mount Argeeus. Similar emptive 
indications have been traced by Mr. Grant in the district of Cutch, 
situated near the eastern branch of the Indus, and consisting of 
large tracts of tertiary deposits. The elevated regions of the 
Tyrol, the flanks of the Bernese and Swiss Alps, have been the 
scene of violent disturbance, during and since the deposition of 
the tertiary formations ; and, in the peninsula of Italy, there are 
numerous groups of volcanic origin, as in Tuscany the igneous 
rocks of Radicofani, Viterbo, and Aquapendente, and those of the 
Campagna di Roma, which are of the same chronological series, 
or probably not lator than the pleiocene period. The West India 
Islands, the Azores, Iceland, Owhyhee where the peaks of 
Mauna-Koa and Mouna-Kaa rise to the height of between 16,000 
and 16,000 feet above the sea, belong to the same class of phenom- 
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ena. Thus in every quarter of tlie g-bbe there liave existed Phle- 
gi-Eeau fields of ancient as well as of modem date, whose convulsions 
anterior to all historic records are still traceable ia the submergeiice 
and closing up of lakes, the drainage of large tracts of land, the 
upheaval of mountains, and the reduction of the earth to existing 
supei-fioial arrangements. 

The products of these tertiary exfioct volcanoes are indeed 
vastly inferior in amount to the ejections of the more ancient peri- 
ods, whose stupendous monuments are seen in the primai-y and 
secondary mountain-chains of granite, porphyry, and greenstone ; 
but still they had force enough to influence very eztensive tracts 
of eountry, to convulse and move large portions of the crust of 
the eaith. Even now it is impossible to guess through hOW Wide 
an extent, in the siibten-anean regions, the shock of earthqiiates 
is simultaneously felt. Wot less than 100,000 square miles of 
country were permanently elevated by the Chili earthquake of 
1822, from two to six feet above its former level, and part of the 
bottom of the sea remained dry at high water, with beds of oys- 
ters, muscles, and other shells adhering to the rocks on which 
they grew. The contemplation of volcanic phenomena in South 
America, has led Mr, Darwin to remark that, in order to compre- 
hend the vast surface which was affected by the earthquake in 
Chili, and which destroyed Conception, in February 1835, it had 
a north and south range equal in extent te the distance between 
the North Sea and the Mediterranean — that we must imagine the 
eastern coast of England to be permanently raised, and a train of 
volcanoes to become active in the southern exti-emity of Norway — 
also that a submarine volcano burst forth near the northern 
extremity of Ireland — and that the long dormant volcanoes of the 
Oantal and Auvergne, each sent up a column of smoke. Itneed, 
therefore, excite no wonder that geologists have felt themselves 
warranted to ascribe the elevation not only of the sedimentary 
formations in central France to the volcanic movements of the dis- 
trict, but likewise those of the Paris and London basins, as well 
as the genera] rise and dislocation of the strata along the southern 
and eastern coasts of England. The cause, as compared with 
recent and still daily observed phenomena, was abundantly ade- 
quate to effect the results. Other districts would be simultane- 
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oiialy influeneeJ file tcitiiij deposits in their varioas successive 
groiips w^ei'c ail arranged imder similar circumstances and 
exposed to simiki changes , and hence a doubt can scarcely 
exist, that all these geological basins, and this vast snperficies 
of tertiary mattei, were cotemporaneously elevated, as tfcII 
as subjected to one and tlie same range of subterranean con- 
vulsion. 

As an approximation to the period when this district was last 
subject to volcanic action, it may be noticed that the craters of 
Auyergae and the Canta! had all ceased to emit fire or were just 
expiring, when tlioae of Etna and Vesuvius began their opera- 
tions. From whatever cause, it would appear that the incandes- 
cent elementa had liere parted, with their calorie or had shifted 
iheir posilion, and that new vents were opened for them in the 
basin of the Mediterranean. These latter volcanoes may have been 
in activity b^ore tiie historical epoch, although the evidence must 
still be regarded as inconclusive, and the violent efforts to fasten 
a collision upon revelation have utterly failed. But in Auvergne, 
on the contrary, little doubt exists of the priority of all the 
volcanic emissions to the human epoch. When Csesar encamped 
among these narrow defiles, his Commentary is silent as to any 
eruptions aave the irruption of his own lemons. The inhabitants, 
as now, were cultivating the vine or peacefully engaged in rural 
occupations, as little dreaming of any disturbances from the inte- 
rior, as they were unprepared to resist the torrent of mwl-clad 
warriors that poured tiirougb their valleys and devastated their 
fields. The poet Sidonius Apollinaris had his i-esidence on the 
borders of Lake Aidat, but he sung not of the " sublime " in 
these upthroes of his native province. Nevertheless, an immense 
degree of historic interest must ever attach to these volcanic rocks, 
inasmuch as they are infinitely modern when compared with the 
primary and secondary formations, the granites and the traps of 
Britain, They keep continually, too, before our eyes the fact of 
a succession of igneous operations, and remind us that plutonic 
agencies have prevailed through all time, and over regions whicli 
have only recently been hberated from their ravages ; that 
at any moment, and at any place, they may again burst forth, 
when islands will be raised, continents submerged, the fertile 
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p!aiu Imd -waste, and lakes, estuaries, and seas converted into dry 

Nor are there evidences wanting, in existing volcanoes, of the 
intensity of the fires which still glow within the interior of our 
earth. There ai-e at present more than two huhdbbb volcanoes 
in active operation ; these are not confined to any particular zone, 
but are distributed like tliose of ilie older families through the 
different quarters of the world. The greater centers of action ai-e 
situated in the mountMn-ranges of South America, along the 
western coast of North America, and in the numerous islands of 
the Southern Pacific ; hut at the same time there is scarcely a 
portion of the earth's cmst that is not subjected to the shock of 

volcanic mfluence and tlie movement of earthquakes. There are 

two theories by which all volcanic phenomena are attempted to be 
explained. The more prevailing one among geologists is that 
which connects them with one great source of central heat--inte- 
rior lakes of molten stone — the residue of that incandescent con- 
dition in ■which the globe originally appeared, and out of which 
tlie primary crystalline strata were formed. The other mode of 
explanation is that wkich supposes thg internal heat to be the 
result of chemical and galvanic action among the materials com- 
posing the earth's crust. The metallic and earthy bases, upon 
contact with water, everywhere transmitted through fissures and 
apertures oa the surface, bum, melt, and are converted into lava- 
farm matter, and which acting again as fuel, serve to fuse the 
rooks among which they occur. Hence various gases will be 
generated sufficient to occasion much local disturbance ; though 
certainly not upon a scale to correspond with the magnitude, uni- 
versality, and perpetuity of those changes that have resulted in 
the igneous products of the primary, secondary, or even tertiary 
formations. 

But whatever be the source or cause, the heat and the elements 
of heat have been in constant activity, volcanoes and eaTthquakes, 
like the hurricane and disease, subserving important necessary 
purposes in the economy of nature. Humboldt was the first to 
remark the linear distribution of volcanic domes, which he con- 
sidered as vents placed along the edge of vast fissures, commu- 
nicating with reservoirs of igneous matter, and extending across 
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whole contJBeiitiS. Lyeli, considering that the earthquake and 
the volcano are probably the effects of tlie same subterranean 
process, and that the subterranean moyements are least violent 
in the immediate prozimity of volcanic vents, observes, " that 
if the fused matter has failed several times to reach the sur- 
face, the couaolidation of the lava first raised and congealed 
will strengtlien the earth's crust, and become an additional 
obstacle to the protrusion of other fused matter during sub- 
sequent convulsions." Thus, needful in all past time, these 
igneous phenomena are needful still — in supplying and indurating 
new lauds — in repairing the waste and continual encroachments 
of the sea— in keeping up a salutary degree of heat over the 
earth's crust, and (Jiereby perhaps essentittl toward maintttining 
the necessary volume of the earth's hulk. Nor will the fires 
within have fulfilled tbeir law and purpose of inclosure until the 
ordinance of Heaven in its creation be completed, when the earth 
imd the works therein shall be burnt up. 
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THE ALPS — MONT BLANC. 



The Pennine or "Western Alps constitute the loftiest group of 
moimtams in Europe. Tliey consist of a vast chain of isolated 
pealts, al! of which are elevated above the re^on of peipeiual 
snow. Mont Blanc, Mont Cervin, and Mont Combin attain re-- 
spectively to the heights of fifteen thousand seven hundred and 
thirty-two feet, fourteen thousand eight hundred and fifty-five 
feet, and fourteen thousand one hundred and twenty-five feet, 
above the level of the sea. This group is succeeded by that of 
the Bernese Alps, of which the Jungfrau is the most conspicuous, 
reaching the altitude of thirteen thousand seven hundred and 
eighteea feet. The Helvetian Alps lie to the east and south of 
these two ranges, rising in Mont Rosa to the height of fifteen 
thousand one hundred and fifty feet into the same aerial frozen 
regions. The rivers Rhine and Ehonc spring from the glaciers 
which occupy the valleys intermediate betwixt the Bernese and 
Helvetian mountains, while the Po, rising among the Cottiau Alps 
on the south-west, derives its principal tributaries from the same 
alpine sources with its larger twin-sisters. 

Switzerland, thus bounded on the south, is walled in along the 
entire northern frontier by (he range of the Jura mountains, whose 
loftiest point, the Le Reculet, is five thousand six hundred and 
twenty-seven feet above the sea level. The mountains of Savoy 
stretch along the left banh of the Lake of Geneva. Mont Pilatus, 
the Rigi, and other noted hiUs of tourists, occupy the eastern 
central division of the country, among which are situated the 
largest cluster as well as the most celebrated of the lakes. The 
great valley of Switzerland, the territory proper of the cantons 
Taud, Fribourg, Berne, and Soleure — within which lie all the 
23 {265} 



Hosted ./GciOgIc 



principal towns, those of the old Roman and all of modern times — 
forms an extended plateau or basin, inclosed by an amphitheater 
of mountain land, diversified at intervals by low swelluig ridges, 
■undulating hills, precipitous ravines, the deep-set channels of tur- 
bid sti-eajns, ajid lovely lakes imbosomed in orchards, vineyards, 
and meadows of the moat luxuriant pasturage. 

The two great rivers, embra«ing the entire drainage of the 
country and of all tte lakes, debouch through narrow gorges at 
opposite sides of the Swiss territory, and pursue, nearly at right 
angles to each other, their respective courses until they mingle 
their wafers — ^the one in the Mediterranean, and the other in the 
Northern Ocean. 

The little town of UenfchStel, so often alluded to, lies on the 
nortli bank of the lake of the same name, the Jura mountaina 
gently sloping up behind. In the suburbs, foi-ming one of a row 
of detached unpretending houses, is situated the neat chateau of 
M. Agassiz in the middle of a small garden, which rests against 
the hUls, and is bounded on the south by the waters of the lake. 
A most fitting habitation for the great ichthyologist, surrounded 
as it is with the noblest scenery, and replete in every locality with 
the richest treasures of his favorite study. I visited the place in 
the autumn of 1 846, unfortunately when M. Agaasia bad just left 
for America : in a beautiful evening strolled through the garden 
and adjoining inclosures, and was pleased to observe numerous 
traces in the rocks, and in some fossil relics lying about, of his 
studies and researches. 

The geology of the Alps, the last stage in our self-elected 
course, is of the most complicated character. The researches of 
Studer, Escher, and Brunner, natives of the country, have served 
to establish the general superposition and normal ijrangement of 
tie various gioups of ^tiata as those ct the lUustiif hi De Saus 
sure had long before been directed to detei-mme then mmer^l 
distinctions, and chiefly their clas ification upon minLialogical 
principles. Into separate ciysfalhne masses Ihe labors again of 
Brongniart, Deshayes Agassiz D Oibigny and Brown have 
been mainly employed upon their orgamc remains, with a view to 
ascertain the geological epochs within which the several suites of 
rocks have originated. Our own countrymen, Buckland, Lyell, 
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, and Murchiaon, liave attempted to systematize still fur- 
ther the alpine deposits, as well as those of Italy and Germany, 
by showing tlieir relations to the weil-marked diviaions of our 
British systems ; and the result is, that over all these widely- 
extended regions, and amidst all the metamorphiam, contortion, 
dislocation, and upheaval of such lofty ranges, there is a true 
transition from the Silurian, Devonian, and Carboniferous rocks 
existmg in the eastern AJps into the higher secondary and terfiary 
strata of the western or Swiss Alps. 

It would be impossible within our limits to furnish even a 
moiety of the details and evidences by which the intricate struc- 
ture of the Alps has been so successfully unraveled, and the 

arrangement of nature in the due order of superpositioii so per- 
sistently maintained. We shall simply advert to tlie equivalents 
of the English strata which have been satisfactorily a 
and shall then consider some of the more interesting pher 
COHnected with tlie age, elevation, erratic blocks, and glaciers of 
this Alpine country. 

I. General Structure. The great central axis of the Alpine 
re^on, stretching from the Rhone to the Danube, consists mainly 
of the primary crystalline rocks. The granite is everywhere ac- 
companied by gneiss, mica-schist, chlorite-schist, silicious and 
serpentine limestones. The upper sOurian, devonian, and carbo- 
niferous systems are distinctly represented in the eaatern Alps ; 
but no traces of the Pevmian deposits have been detected in them 
or in any part of southern Europe ; whOe ^;ain in following the 
ceiitrai parts of the chain from Austria into Switzerland and 
Savoy, all fossil evidences of the four sedimentary systems disap- 
pear. The conclusion arrived at by geologists, therefore, is that 
for these palteozoic and tiiassie formations there exist no repre- 
sentatives among any of the vast piles of strata of the western 
Alps ; or, if they ever had a place in this part of the chain, that 
they have been obliterated by the powerful transmuting action of 
metamorphism, or plunged to inaccessible depths beneath the up- 
raised edges of the primary series. Coal plants, and anthracite 
coal itself, have both indeed been found in the valley of the Arve 
in Savoy, at Tarentaise, Maurienne, and along the base of Mont 



Host.d./Gciogic 



Bl b t til y t til b 1 t th 

hdli b f dlyMEdB mt dtJ tt] 

L f m t li 1 1 aily d t d by t m 

m 1 f I to K t fli p t f th h m Th k bl 

ptq ksfV D dtlCldBl 

b 1 fe t tl has d p t— tl d t 1 im p t p f 

ti 1 bt t y li tol 

B f m li t, 11 f 11 fh im t b f th 1 th 

1 al mpl m t d q ttm 11 p t f d btf 1 b 
t t 1 to b t f t ly t bl 1 d til t lb fl nk f IJj 

Swiss Alps are covered by a series o£ sedimentary deposits of \ ast 
tbickness, wbicb form a true transition from the newer secondary 
into tlie older tertiary strata. The normal arrangement of rocks 
within these limits is complete, beginning with the lias and ter- 
minating in distinctly recognized beds of the tertiary pleiocene 
group. 

The lias formation is largely developed along the northern, 
eastern, and soutii-westem side of the chain, forming an immense 
belt from near the foot of the Jungfrau, in the central district of 
Switaerland, to Savona in the Gulf of Genoa. The oolitic for- 
mation succeeds, on a scale of still greater magnitude, having 
a continuous stretch from the Mediterranean at Toulon to Vienna, 
on the Danube ; again constituting an enormous deposit along the 
Jura range of mountains ; and then by Ulm, Altmuhl, and 
Amberg, to Beyruth, with its celebrated bone caves, in the Iieart 
of Gtermany. The Oxfordian group are represented by the 
"Neocomian" limestones, a series of hard sub crystalline strata, 
abounding in fossils of the gault and upper green-sand. To these 
succeed beds of red, gray, and white marly limestones, contain- 
ing ffryp/uece, laoeerami, and Ananchytes, and regarded as the 
equivalents, as they are undoubtedly in the position, of the white 
chalks oE England. A supercretaoeons group, consisting of num- 
mulitic and shelly rooks, the " flysch " of the Swiss, constatutes 
the close of the secondary, and graduates conformably and insen- 
sibly upward, by mineral and zoological passages, into the eocene 
system. The vast beds of strata, which are termed the "molasse" 
and "nagelflue," contahi in the loiESf series a large pi-oportion 
of living species of marine shells, -while the associated and mef- 
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layir^ strata of terrestrial origin are loaded witli forms all of 
■vrhicli are extinct. In this group there is nevertheless shadowed 
forth a type of rocks characteristic both of a miocene and pleiocene 
age ( but BO anomalous is their arrangement, that the younger are 
often found to dip under the older rocks out of which they have 
been formed. And as of these, so generally of the entire Alpine 
series now referred to, the position of the various gioups in par- 
ticular localities can only be unraveled in their flexures, disloca- 
tions, and displacements, by means of the organic remMns with 
■which they severally abound. 

II. The Superficial AcoirMULArioKa embrace a wide-spread 
class of geological phenomena. These have originated in causes 
some of which are still in active operation, others are dormant, 
and others again may be considered as belonging to agencies 
which may be termed extraordinary, or permitted only at inter- 
vals to display themselves. The effects of their operations are 
visible, less or more, in eveiy part of the surface of the globe. 
They have been teniied the Pleistocene group, and consist of 
both marine and fi-esb water materials. To these are referred 
the bowlder-clay formation, the vast deposits of sand and gravel 
heaped up in vaUeya, the erratic blocks spread over hill-tops, and 
the various kinds of detrital matter which, although often lami- 
nated, is loose and unsti-atified, and clearly distinguishable from 
the more indurated and subjacent beds composing tlie earth's 
crust. Nor in gathering up the links of this extended field of 
review, wiU it be possible to omit all mention of glaciers and their 
morfunes, so intimately connected with Alpine scenery. 

The sand, gravel, and drift accumulations of every kind are 
common to every country where waters flow or valleys exist. 
They cover the great straths of Scotland, the low steppes of Rus- 
sia, the lofty goi^es of the Himalaya, the desert wastes of Africa, 
and the elevated plateaux of North and South America. Among 
the Rocky Mountains they are of the most varied character, and 
are spread over extensive areas in those sterile regions, high up 
among the sources of the great American rivers. Wherever 
a stream falls into another stream, a stream into a lake, a lake 
into a river, or a river into the sea, bars, gravelly slioals, and 
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often in considerable masses im-luded m the plastic mud ^hich 
chiefly characterizes the bowlder clay. This formation is of gi'eat 
estent, covering the whole of the north of Europe, a large portion 
of northern Asia, and in America extending from the Arotio Sea 
to Boston ; massed up in every ravine, and ranging from the 
lowest valleys to two thousand feet on the mountaia slopes, where 
it is ofteu accumulated to a great depth. One strildng peculiai'ity 
of the bowlder clay is, that huge bloclia of stones of all ages are 
imbedded in the mass in every region and country where it is 
found : hence the name. The bowlders are not always of local 
ori^i ; on. the contrary, the parent rock is more generally situated 
at remote distances, even from five to eight hundred miles. Thus 
the Scottish Grampians furnish the greater proportion of the huge 
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blocks whicli ai-e scattered over the bwlaad and midland counties 
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untams of Sa^ o> and are now 

distan IX s Ijmg m all the passes 

and ridges of the Jura 

Vaiions espHnations have been gnen of the trigm and depo- 
sition of the bowlder clay formation as well as of the erratic 
block drift, for the tno can seaicely be separated in the question 
of lause and eftect The bowlders for example aiP sometimes 
in the miss of clay lUelf, sometimes they are lying liose on the 
surface, m many instances they are spiead ovei areas where 
no clay exists ; but in most cases maintaining their unmistakable 
character of being water-worn, rounded and covered with striK. 
Both classes of phenomena, theretore, are supposed to be refer- 
able to the same period of time, as they probably have originated 
in the same series of causes. One theory advanced in explana- 
tion of both, is the agency of po'werful curreata that swept over 
Britain and the adjacent continents, generally in a north and 
north-westevly direction, bearing along with them soil, gravel, and 
the larger debris of rocks ; and as obstructions occurred, or the 
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violence of the currents subsided, tlie iieterogei 
■weie deposited in tlie various countiies and at the different ele- 
vations in wHcli lliey are found. The directioa of the currents, 
often from different centers, is indicated clearly hy the position 
and lithology of the mount^ns from which the blocks have been 
transported, no less than by the fact that the greatest accumula- 
tions of drift and howlders are to be observed at the south-eastern 
extremities of such gorges and valleys as were open to the dilu- 
vial action. But the hypothesis fails in giving a satisfactory 
accoimt of the transport of the larger blocks, often of sixty to a 
hundred tons weight, over a course of many hundreds of miles, 
plungmg through hollows, and now stranded on mountain-slopes 
several thousand feet above. The theoiy of icebergs, as the 
transporting agency, meets tiiis difficulty; and accordingly, in 
one form or other, such a cause or agent, of mdely -prevailing 
influence, is almost universally adopted into the creed of geolo- 
gists. This theory implies, fliat those portions of Europe now 
covered with the bowlder-clay fomiation were submerged after 
the deposition and consolidation of the tertiary strata — that this 
submergence was the result of a change in the earth's axis or 
some extraordinary alteration in its planetary relations — that a 
great arctic glacial continent subsided and disappeared beneath 
the waters — and that vast floating masses of ice, incloang rock 
loosened from the sinking land, penet)-ated southward, grazing and 
polishing the hai-der substances that lay in their course, or carry- 
ing along with fliem the more yielding and transportable materials. 
Admit all or even a limited number of such assumptions, and we 
know from what is occurring in recent times, that the cause is 
quite adequate to the production of the effect. Sir James Ross, 
in his late humane exploratory expedition, encountered in the 
polar regions icebergs from a Jinndred to tliree hundred feet in 
height, and from a quarter to half a mile in length. Two-tJurda 
of every iceberg float beneath the water. What a earner power, 
at once for erosion and transport, in every one of these frozen 
floating mountains I The Polar ocean still maintains its great 
southward current to the equatorial seas, modified by the head- 
lands and inequalities of bottom which occur in its progress ; and 
then, as now, the icebergs driven along this highway of waters 
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■\vo Id drop at ntcii al porhon? of then stony load to take wp 
at thei Stat on whatever was piepared to adheie to them 
Hen e the difliciilfy -vamshes as t the large detached blocks 
o often found on the elevated &ides oi mount wn'i Henoe 
1 (he exflaniton of those collected j,ioiips which aie entirely 
f ee from aiy adnuxtute ot clay And henoe upon the retreat 
ut tj e watei9 anlthe eleTatiun of t]it, land it is leasonible to mfei 
that many districts would be swept bare again of their mud, 
while the bowlders would remain, and that in other quarters 
ridgea and the deeper aocumulationa would be formed. " Both 
theories," however, as stated by Mr. Page in his ezcellent treatise, 
"Rudiments of Geology," "are beset with difficulties; and 
though the latter aeoounts more satisfaetorily for most of the 
phenomena of the erratic block group, still there are many points 
respecting the distribution and extent of the deposit to be inves- 
tigated before either can be finally adopted, Al! that can be 
affirmed in the pi-esent state of the science is the composition and 
nature of the clay, gravel, and bowlders — the course of the 
ouiTents concerned in their deposition — the fact of the land 
having a configuration of hill and valley, not differing much from 
what now exists — and the peculiar scantiness, if not total ab- 
sence, of organic remmns." 

Whether this mysterious cataclysm occuried before or withmthe 
modern epoch is a question which, as yet has not by any means 
been determined. The few organic remains detected m the de 
posit are of marine origin — one or two species of shelts — but all 
identical with species now existing, Thepiesumptifn is that the 
climate which prevailed over these noithem regions duimg the 
period was extremely low. But how lon^ it listed and why 
there are no types preserved, in all that cong ries of m'ltenals of 
the terrestrml fauna and flora of the p nod are points bath of 
them of a very perplexing kind. Wheth j juat dawning upon 
the advent of man, or within the actual eii of Lis historv certain 
it is that these are the results of a chaotic condition over a lar^e 
portion of our planet, of which, if we except the dehige, we have 
no record nor memorials in any of the after changes and modifica- 
tions of its surface. Shalt we add, as indicative of a final cause 
appearing in and overiiillng the tumitltTioiis agitation, that to this 
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load ; and every mountain rill, upon the melting of the snows in 
summer, deposits over their flanks the materials with which they 
are charged. Immense masses of matter are, in. these various 
ways, collected and transported from the higher into the lower 
valleys : these at tJie outgoing of the glacier generally assume a 
ridge-shaped form, and are teimed moraims. The underlying 
blocks are all rounded and grooved : those borne on the surface 
are sharp and angular, until they are swept away by the torrents 
into the rivers, where they are in turn subjected to their smooth- 
ing operations. There can be no doubt, therefore, either as te 
the disintegrating or transporling power of this mighty agent. 
When I stood upon the Mer de Glaee I saw before me, in one 
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gorge of Uie mountain, a contiimous stretch of icy machinery four- 
teen miles in length by two to three in breadth, and several 
hundred feet in depth. The whole was in motion; and, whether 
we adopt aa fJie principle of translation the mechanical pressure 
of AgaiSfiiz, or the hydraulic law of Forbes, tlie instrument of an 
incalculable carriage-power was there. And yet, upon the first 
glance, it shrank into a span, or appeared but as a small lake, as 
we viewed the glacier pouring down that deep gorge of Mont 
Blanc ; a sheer depth of darli perpendicular rocks rising on its 
edges many thousand feet in height ; several of the sharp-pointed 
Aiguilles, the Grandes Muliets, and above all, the Peak de Dni, 
unrivaled in symmetrical grandeur, penetrating still higher into 
the clear sky above. How many euoh glaciers are dispersed 
through that vast alpine chain ; and how immense, upon any 
rule of calculation, have been the earthy and rocky materials 
which they have borne downward in the lapse of time ! 

Famiharized to such gigantic operations among his native Alps, 
M. Agassiz came to the conclusion that not only the bowlder drift 
of Swifaerland, but nearly all tte superficial accumulations of 
northern Europe, were fo be ascribed to glacial action. In the 
straths and glens of Scotland he fancied a moraine in every talus 
of a mountain, and in every bar of a river. He saw the polishing 
of glaciers in the j ass of Kilheciankie, on the sides of Ben Nevis, 
and the steep promontories of Morven. The parallel roads of 
Glenroy oiigmatid m the same caui.e From the Mediterranean 
to the Arctic zone a polai clunate universally prevailed, and the 
whole was cohered with a mantle of ice; vast fields of ice, too, 
depending from the mountains penetrated into tie adjacent val- 
leys; the plains in succtssion were invaded, and erratic blocks 
were scattered m every diieotion when at last, upon a change of 
temperature consequent upon othei changes in the planetary rela- 
tions of the earth, all these erosive influences were for a time 
increased, and the glacial power attmned its raozimum. Not only 
the upper and transveree furrows in tLe Alps but all the lower 
and great longitudinal valleys of the Cantons were the seats of 
glaciers during this period. Along the passes of the Rhine, the 
Rhone, tte Drance, the Doire, the Arve, and the IsSre, the irre- 
pressible tide of ice maintained its course, leaving portions of the 
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drift at difieient cleTatinns and dropping bowldeis on the inter- 
mediate lulls and m the moie distint and liftier barriers of the 
Jura. Rii R Muruhi on opp les all these speculations of Agassia 
and others The elevatioa ot the alpme chim of which there ia 
abundant evidence in comparatively recent times, he regards as 
cotemporaneoTis with the translation of the bowlder-drift, and 
considers that during the sub-aqueous condition of northern 
Europe, the Alps and the Jura were from two to three thousand 
feet below their present altitude. He finds that the famous blocks 
of Monthey opposite Bex are composed exclusively of the granite 
of Mont Blanc — tliat they have been transported on ice-rafts 
through the gorge of St. Maurice to their present locality — and 
reasons with justice that had they foimed part of a moraine the 
debris of all the intervening roeks, along tlie valley through which 
the glacier passed, must have been associated with them. None 
of the glaciers of tiie Alps, he thinks, could have been of the 
extent implied in the transport through their agency of the Jura 
blocks, nor have ever the upper longitudinal ajid flanking valleys 
around Mont Blanc been filled with general ice-streams. The 
materials, likewise, of true glacier moraines he conceives can be 
readily distinguished, on the one hand, from the more ancient 
alluvia, and, on the other, from tumultuous accumulations of 
gravel bowlders and far-transported erratic blocks. And, look- 
ing at the various causes wliich have afi'ected the surface. Sir 
Roderick concludes, tbat all the chief difficulties of the bowlder- 
clay formation are removed, when it is admitted that frequent and 
vast changes of the laad and waters have taken place since the 
distribution of large erratics — that a great northern glacial conti- 
nent has subsided — that the bottom of the sea over Briton and 
the adjacent continent has been raised into dry land, while the 
Alps and Jura, formerly at lower levels, have been considerably 
and irregularly elevated. 

The elevation of this stupendous cham of rocks, not by one but 
by a succession of upheavals and depressions ere they assumed 
their present position and groupmg, i^ a point generally admitted, 
and not difficult to demonatiate. The Alps, for example, are 
folded all round witii successive belts or zones of sedimentary 
matter, marking, as so many milestones at different points of alti- 
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tude, the measure of increment attained during the intervals of 
their deposition. These helts contmn each their own peculiar 
class of fossils which deteimine their relative ages. In succes- 
sion, the several suites or families of rocks rest upon tlie inverted 
ontcrop or inclined edges of the older groups. Thus the history 
of organic life upon the globe, the incoming of new races and the 
extinction of old ones, as contained in these deposits, becomes a 
scale of measurement of the elevations, disruptions, and ever- 
varying conditions of the inorganic crust, while in the inverted, 
dislocated state of the crust itself, we mark the several throes by 
which it was lifted above the waters. Not one of the fossiliferous 
beds enveloping the granitic and crystalline nucleus of the chain 
of the Alps but has been shifted out of its original horizontal posi- 
tion, and tie shift of the subjacent haying always preceded the 
deposition of the overlying formation, it follows that, in addition 
to the intumescence of Uie chdn, there must have been a series 
of oscillatory and elevatory movements before attaining its finaJ 
altitude. But after the consolidation of tte whole rocky strata, 
and while the waters were still many thousands of feet in depth, 
the superficial accumulations were being deposited — the bowlder 
drift, and erratic blocks, either by icebergs or other causes, were 
floated into position — and it was not until every one of these tra- 
veled stones, fresh even now as when torn from the living rock, 
were quietly settled down into the bottom of the sea, that Mont 
Blanc had displayed a moiety of its massive outline, or towered 
to one-half of its present colossal grandeur. The elevation of 
Ben-Mac-Dhui dates from the era of the old rod sandstone 
formation. Mont Blanc was invaded on all sides by a sea that 
received the latest of the tertiary deposits. Both were sub- 
merged during the cataclysm which produced the bowlder clay ; 
but as no increment to its bulk was derived from this cause, Ben- 
Mac-Dtui falls geologically to be reckoned a completed, and 
therefore a far older, mountain than Mont Blanc, which had not 
attained its full altitude and bulk until the expiration of the Pleio- 
cene age ! 

Such are the mighty agencies contemplated by the geologist in 
the various later changes which have affected the surface of our 
globe. The rill, the river, the torrent, the glacier, the earthquake. 
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the volcano, are still in operation, but only as faint images ot the 
enonnous powers which in tie more ancient times have been at 
work. That the earth has been repBatedly encioached upon by 
the waters every principle of liis science goes to estibhsh , but 
out of every convulsion he sees a bettei and more stable eoudition 
of things to have emeiged If the bowlder dnft and the cold 
plastic clay formation point to a continuance of suales'' hteless 
seasons, he forgeti not ^ the products of the period that two 
thirds of the soil ft Gieat Bntam and of the grajn beanng lands 
of the contineixt have beta de ved frtrn tJ eae tc umulationf — 
theindustr il moH iim,nt5 ol tlieii m^is on in e^ei^ luiittr cf the 
world. 
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CHAPTER III. 

THICKNESS OF THE EiRTH'S CRUST — CENTRAL HEAT. 



Thb question arises. Since upon geolo^eal grounds it is de- 
monstrable that the crust of the earth has been repeatedly 

upheaved and broken, have wc reason to conclude that similar 

States of paroxysm and convulsion may not again return ? This 
brings us to tlie consideration of two very interesting problems, 
namely, — Tea Tkickhesb ov the Earth's CKuaT— And the Dog- 
TBiNB OF Cbhikal Heat. Have we any means of determining 
either of these points ? The doctrine of the igneous origin of 
granite and other rocks proceeds upon tke assumption of a vast 
reservoir of heat existing somewhere within the interior ; and the 
question to be solved is — What is the thickness of the solid crust 
beneath which the molten rocks have their ori^n ? and what the 
cause of their fusion ? 

I. An opinion has long prevailed among geologists of a certain 
school, that the crust of the earth is of very limited dimensions. 
A thin coating of primary crystalline rock is interposed betwixt the 
sedimentary strata above, and the intensely incandescent mass of 
which the interior is composed. The experiments of Fourier 
establish a formula of increasing temperature of the strata in a 
descending series, and from the rate of this increase, it is inferred, 
that about one hundred miles below the surface the entire nucleus 
is in a state of complete fusion. Some have even assumed the 
melting point to be less than thirty miles, when " the next contig- 
uous matter is in a state of fusion, at a temperature probably 
higher than any that man can produce by artificial means, or any 
natural heat that can exist on tlie surface."* Sir John Lealio 
* Dr. Pja' Smitli on Scripture Geology. 

(979) 
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attempted a demonstration of the iiltimate resolution of tho mate- 
rials into light, as the only element capable of resisting the vast 
pressure of the outer crust ; and, erroneously assiuning the 
mod%dus of compressibility of air, water, the metals, and all 
known earthy substances to be invariable, however greatly the 
pressure may be increased, this ingenious philosopher came to the 
conclusion, that, instead of Tartarean darkness, the oifspring of 
superstition, the inner chambers of the earth are filled with lumi- 
nous ether, the most pure, concentrated, and resplendent, Dar- 
win believes that much of the vast continent of South America 
is suspended over an inner sea of liquid fire, and says, that, 
" daily it is forced home on the mind of the geologist, that no- 
thing, not even the wind that blows, is so unstable as the level of 
the crust of the earth." 

With the fires of Etna and Vesuvius r^ng on the one side, and 
the recent though extinct volcanoes of Auvergne and the Cajital 
seated so near on the other side, what security is there, amidst so 
many undoubted facts of the mobility of the land, that these vast 
piles of Alpine mountains may not again, through mere mechan- 
ical weight, break through the film of crust on which they rest, 
and sink into the abyss from which they so lately emerged ! The 
doctrine of central heat, it may be replied, docs not necessarily 
imply the universal fluidity of the central mass, an opinion sup- 
posed by Lyell, Poisson, and other eminent philosophers ; whOe 
there is reason to infer, as repeatedly stated, that there is no iden- 
tity of scale and mechanism between volcanoes now active, and 
the igneous causes which gave birth to these and other stupendous 
motintMn-chains. 

But astronomy gives a different and more comfortable solution 
of the problem. The influence of the moon alone, it would ap- 
pear, acting upon our planet, requires a thickness of crust of at 
least OHE THOUSAND Mii^s, to prevent the fabric of the globe 
from being severed into fragments. The earth, considered in 
connection with its own planetary system, has three distinct mo- 
tions in space, a fact in science usually illustrated by the move- 
ments of the common spinning-top. A more striking illustration 
may be seen in the steam-vapor which has aided you onward, 
that living cloud of light and heat which towers and floats away 
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in these beautifully ciirling wreattis. lake the trail of the comet, 
how graeefnlly it sweeps over the plains in its forward movement : 
then it turns to the right or left iu the direction of tlie wind : and 
then, in a tHrd convolution, every globule of the airy mass is 
twirling on an axis of its own. Equally buoyant is the earth, 
hung upon nothing, and cleaving the liquid firmament. It turns 
on its axis, causing the vicissitude of day and night ; it moves 
through its orbit, mating the circuit of the Sim and the diversity 
of the seasons ; and, in addition, there is an oscillatory motion 
like the unsteady zig-zag twistings of the carriage-train, occasion- 
ed by the excess of the equatorial over the polar diameter. This 
excess amounts to about a three-hundredth part. But, small as it 
is, it exerts an assignable influeace over the cohesion or attraction 
of the solid frame's oik Now, by a nice mathematical demon- 
strdton resting on the ^un ajid moon's attraction, Mr. Hopkins 
mfiis, ae indicated by the ^'heTLamsn^ oi pt-ecession and nuiaiion, 
that the minimum thickness of tiie earth's crust cannot be less 
than one fourth or one fafth of the earth's radius. The theorem 
lb of too ^bstiact a nature to be here introduced ; but it appeals 
from it that the observed amount of precession requires this degree 
of solid matter, which gives a clear depth of solid arch over 
eitlier vacuum, resplendent light, or fiery fluid, of from eight 
hundred to a thousand miles. This may well allay the fears of 
the most timid as to the stabihty of the ground beneath his feet, 
whatever be the state of the interior, or under whatever modifi- 
cations the materials therein may exist. 

II. But if this thickness of crust is required now, it must have 
been equally required in all past time : hence, it may be argued, 
no security is thereby afforded against the bursting out of the 
pent-up fires, or disruption of the outer crust ? Now, it has 
been questioned whether there be such a thing as a central 
fluid heat at all, while the solidity of the earth throughout has 
been maintained as more in unison with the principles of estab- 
lished science. 

The doctrine of a central heat is as old as the days of Bishop 
Burnet, who imagined that the internal fire, pro-existent in the 
bowels of the earth, was the agent employed in breaking up the 
24 
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fountaiiis of the deep for tte producijon of tlie deluge. Leibnitz 
and BufFon I'Cgaxded the eartli as an extinguislied sun or vitrified 
globe, which, according to the calculations of the latter, required 
seventy-five thousand years fo cool down to its present tempera- 
ture ; and that, in ninety-eight thousand years more, the heat will 
be utl«r!y exhausted, and productive nature extinguislied. Whis- 
ton fancied that tlie earth was created from the atmosphere of one 
blading comet, and deluged by tlie liumid tail of another. And 
Whitehurst, one of the oldest of modem geologists, regarded all 
the strata of every formation, as concentrically arranged over the 
surface of (he globe, and then employed the expansive agency of 
internal fire to account for their upheaved disrupted condition. 
These cosmogonies, it is needless to remart, all now rank with the 
speculations of the aJcliemists, and that Behmea and their authors 
are considered as of equal authority in the sciences of chemistry 
and geology. 

The searching tests of experiment, as already noticed, have 
been brought to illustrate the subject of interna] beat, but the 
results have not been decisive, nor very satisfactory. It has been 
stated, as a general rule in the mines examined, that, in propor- 
tion to their depth, the beat increases as we descend ; and the 
mean result of all the best observations, as given by Cordier, 
Mnounts to one degree of heat for every forty-five feet of depth. 
Different mines, however, it has been ascertained, vary in their 
degrees of downward temperatui-e ; as in the Durham and New- 
castie coal-pita, the increase is estimated at one degree for every 
forly-four feet, — in the Cornwall iron-mines at one in seventy-five 
feet, — and in Saxony some of the mines give an increase of only 
one degree in one hundred and eighty or one hundred and ninety 
feet of perpendicular descent. Much of this difference may, in- 
deed, be readily accounted for by the nature of the contents of 
the mines themselves, theii' position ta the system, and the quaUty 
of the rooks among which they are situated. But a difficulty will 
rem^n, how to dispose of the increasing ratio of temperature, and 
the changes that must necessarily result from it in the bowels of 
the earth. Thus, assiuning it to be a uniformly increasing ratio 
in proportion to the depth, it will follow from this law of increase 
that we reach a point, about twenty-four miles down, hot enough 
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to melt iron : at double that distance, aiicli a heat as iviU fuse 
every substance with which we are acquainted ; and at a hundred 
miles, that a temperature will exist, of whose resolving powers 
we have no eiperience, and cannot even conjecture. The astro- 
nomical theory of a thousand miles of crust melts into airy 
nothing in Us presence, and the formula of Fourier, before it has 
reached the required hundred, will have found a nucleus in com- 
plete fusion, acting intensely upon the thin external crust, and 
seeking through every crevice of these " flagrantia mcenia mundi," 
to issue forth in torrents of fire. 

It has been farther objected to a central fluidity, that such a 
fluid mnst be in constant cii'Cttlation by the cooling of its exterior — 
a fact ascertained in the case of all fused metals. Tides too, it 
iias been argued, would be produced in the fluid matter, however 
deeply seated, through the influence of the sun and moon, and 
which Hdes would necessarily occasion such oscillatory and expan- 
sive movements as astronomy has neither noticed nor accoxmted 
for. Again, the supposition of a central heat of the earth, pre- 
vailing from the beginning and through aU the phases of its his- 
tory, implies that its cooling is still going on ; and that, in conse- 
quence, a contraction in the mass or bulk of the earth wiU follow 
the law obseiTed hy all other bodies in parting with their heat. 
Hence this contraction might lead to the shortening of the day and 
other mechanical results. But Laplace satisfied himself, by refe- 
rence to ancient astronomical records, that there had been no 
alteration in the length of the day, even to the smallest calculable 
degree or point of a second ; and that thence, the hypothesis 
of a fluid, or even primitive heat of the earfL, had here no con- 
firmation. 

An objection to the theory has likewise been urged, from the 
well-known property and tendency of heat to become equally dif- 
fused through all the parficles of any body in which it exists. 
Thus, it is au established principle, that heat not only diffuses 
itself on all sides, but passes continually from bodies in which the 
temperature is greater to those in which it is less ; and that if a 
body be placed in a medium having a temperature different from 
ite own, the momentary variations of its temperature wUl be as 
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the differences between tb.e temperature of tlie body and of the 
medium. Hence, when the heat beneath the suiface of the earth, 
at whatever depth, becomes of sufficient intensity to melt iron, it 
cannot pass beyond this until the whole surrounding mass is 
heated to the same degree of intensity. The law of increment 
and transmission of caloric, it is argued, must be the same below 
as above ; and, assuming-the nucleus of the earth to fee fluid, no 
solid crust eould thus he formed upon the surface until every par- 
ticle of the Seated fluid mass was cooled down to the point of 
oonsohdation. This principle is well understood in the formation 
of a crust of ice upon ■water. If extendible to other bodies, and 
to subterranean distances, then the simple fact of an existing outer 
crust, solid and cooled down to the existing temperature, militates 
against the probability of a central fiie, and is utterly repugnant 
to the hypothesis of a liquid central mass. 

It is maintained, however, on the other hand, that the central 
caloric, however intense at any deptli, has long ago arrived at the 
point at which tlie conducting power of the rocky crust has either 
entirely ceased or permits no further sensible decrease; that this 
point was reached some time before the creation of man, when 
the process of cooling had acquired a maximnm or stationary con- 
dition, and that it formed a part of the processes by which the earth 
was adapted to its high destination among the works of God, 
But may not the adaptation have been effected by the gradual 
conduction of the heat outwardly, not by suffering it to remain 
and glow in opposition to its known properties in the inner regions ? 
It may be maintained as a safe principle in physical science, that 
if there be heat in the center of the globe, it must have the pro- 
perties of heat and none other. No geologist hesitates to admit, 
upon evidence amounting to demonstration, that a vast source of 
heat exists in tlie interior of the earth, widely spread beneath the 
stony pavement, and that it has existed at all times. But whether 
thai, heat is local or generally diffused — whether it is central or 
infra-superficial — whether it is constantly maintained, or is excited 
at intervals by certain combinations — are questions as yet of mere 
speculation, and for the solution of which we have no data to lead 
us, beyond probable inferences. 
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Upon tie whole, as the known density of the eaith is consido- 
vahly greater than that of a solid sphere, composed of any such 
rocks as we are acquainted with, the presumption is, that heavier 
materials, in an increasing ratio, than any constituting the super- 
ficial erust, enter into the composition and structure of the central 
parts. All the great mouirtain systems iu the different zones of the 
globe are the product of palteozoic times. The fires which cast 
them out have gradually diminished by eveiy succeeduig effort. 
A steadier equilibrium bet^vixt the conflietmg elements of the 
upper and the lower world, appears toha^e taken pliee — once 
only disturbed, at tlie deluge, since man's occupation — and for the 
repetition of wMch there exists no preparation m the established 
course of nature. The veiy convulsions which haie shattered 
the earth to its foundations, while they are evidences of benevo- 
lent wisdom, furnish, at the same time, tbe best guarantee against 
blind fortuitous derangements to come ; the resrdt, as they are, 
of periodical causes, acting in a way and with an intensity of 
which we have no experience, and for which, indeed, we have no 
expression in amy of the sciences. 
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GENERAL PRINCIPLES. 
PAET IV. 



CHAPTER I. 



Geology, as will be seen from the preceding details, is among 
the most comprehensive of the aciencea. It iavades the province 
of eveiy one of them, and lays tliem all under contribution while 
following out its own peculiar researches. A dry description of 
rocks, in their simple mineral qualities, does not limit or exhaust 
its ample resources. Botany, zoology, meteorology — a part, in 
short, of every branch of natural history, as well as chemistry, 
physios, and astronomy, ai'e severally enlisted in its service, and 
all give interest and importance to its discursive investigations. 
And thus, receiving gifts from every walk of science, geology 
gives back in turn, and impai-ta to each, illustrations new and 
rare, from its own wonderful storehouse. 

Geology, considered in itself, may be pursued in three different 
■ways, as it resolves into three great leading branches of in- 
vestigatioa. Observing the an-angement and superposition of 
rocks, as exhibited in the crust of the earth, along with their 
mineral distinctions and fossil contents, we embrace all the objects 
included in deseriptive or pltenomenal geology. The exposition, 
again, of the general principles by whiclx such phenomena can 
be produced, constitutes what has been termed geological dyna- 
mics, — by which are traced the laws of action of known causes, 
and their relation to such changes as those which geology coi^- 
( 286 ) " 
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sidcrs. The last branch leads to a consideration of tlie causes in 
which the phenomena have originated and the doctrines dedneible 
from them. This lias been called physical gedogy, and embraces 
all that is theoretic in the science. These three branches, while 
thus definitively distinct in themselves, are yet frequently com- 
bined in the works of writers on the subject; nor is it easy, or 
even possible, in practice, to separate them, as few will be content 
to describe without attempting also fo explain. 

It has been no part of our vocation in these investigations to 
inquire into the origin of a material universe ; — what was its pre- 
eisistent state, and by what process this globe at first was broug'ht 
into an earthy concrete fonn. Astronomy has tried various 
solutions. But whether by tbe splintering of other worlds, or 
the evolution of matfer from a Satumian ring, or by the condensa- 
tion of gaseous star-dust diffused through infinite space, no astrono- 
mical hypothesis has proved satisfactory. Geology is better em- 
ployed when she assumes a beginning to her researches upon the 
visible crast of the globe. The mystery of creation is not wittia the 
range of her legitimate territory ; and, while the investigation of 
laws and of the influence of secondary causes falls within the pro- 
vince of both, it may be safely admitted that neither astronomy nor 
geology are, of themselves, capable of giving us any real or precise 
account of the origin of the universe, or of any of its parte. 

That we have begun with the primary rocks of the Grampians, 
ds the most ancient division of systematic lithology, was more 
Tsith a view t^" have some 'principia' for description than assuiop- 
t on foi theory, and because no geological research has pene- 
trated deepet The crust of the earth, as far as observation 
evtenda IS pioved to consist in its lower parts of a series of crys- 
tilli le rockt. some of which are stratifaed, and others unstratified, 
mt rcdUfing one with an thei ■^nd maintaining the same relative 
p3 itim each to each, as a system m every region of the globe. 
Gi nite gneiss, micha sri, t quartz rock, and limestone, con- 
stitute these first outwork courses of cieation; one uniform cause 
icting simultaneously over the earth, appears to have placed 
them all m position ; and as no breathing animal or blossoming 
pHnt witnessed this morn-dawn of nature, the rocks belonging to 
the period are teimed the primary or azoic aeries. The fosaili- 
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ferous deposits follow in their due order of superposition, arranged 
into groups and systems according to the organic remmns by 
which they are respectively characterized, and preeei-ving, in their 
geographical distribution, the same uniform and persistent vertical 
arrangement as the former. Amorphous rocks, of all ages and 
extent, are distributed among the stratified portions of the crust, 
whether crystalUne or sedimentary, whereby the latter are dislo- 
cated and upheaved, and the inequahties of the surface, and all 
the pleasing diversity of pl^n, hill, and mountain have been pro- 
duced. It is the special object of descriptive or phenomenal 
geology to note all the facts connected with these appearances 
iind changes, to collate and compare them one witli another, and 
finally, to systematize them according to their natural affinities 
and relations. 

Dynamical and theorefieal geology, again, inquires into tlie 
supposed principles and causes in which all these arrange- 
ments have originated, and by whieh they have been modi- 
fied. The agencies, processes, and changes which we now 
observe in the existing course of nature, furnish the grounds and 
analogies by which alone we can speculate respecting the past 
condition of things, subject always to tbe consideration that, in 
proporiioE to the difference of effects and changes in the two 
periods, so are the causes and agencies which produced them, as 
well in relation to time as to force. The enormous magnitude of 
the results witnessed during the more ancient geological epochs, 
demonstrates the intensity of the causes then in operation ; and, 
admitting these causes to be the same in kind with such as pre- 
vml at present, we are yet warranted to infer their more violent 
activity, as likewise to assume a more rapid increment in their 
effects. Thus the geologist, from observation of the laws of crys- 
tallization now manifested in the aggregation of the elementary 
particles of bodies, reverts to the existence of similar forces, 
whatever ttey be, which produced the crystalline texture of the 
primary rocks, their fissile structure, and the separation of all 
those materials which esist among them in the form of gems, 
agates and metalliferous veins. Igneous causes he still finds in 
operation, as volcanoes, earthquakes, and chemical agencies 
closely connected with both; and tiie same forces he hesitates not 
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to connect with (lie elevation of mountain-oiiaiiis, the vast masses 
of plutonic matter everywhere diffused through the earth's crust, 
and the disturbance, dislocation, and other changes produced 
upon all the stratified rocks through which this matter has pene- 
trated. A mighty power in continual action, he further perceives 
!u the waters of the ocean, of the atmosphere, of the rills and 
rivers that issue from the mounbuna' side: and to such aqueous 
causes, operative in the past as in the present day, he refers the 
transport, lamination, and detrital structure of the materials of 
all the sedimentary deposits. Nor does he leave oiit of estima- 
tion the effect of assumed cosmical changes upon the temperature 
of the planet, and the laws that regulate the distribution of heat 
over the surfece : causes such as these the geologist sees greatly 
to influence, at pi-esent, the conditions of organic life in every 
quarter of tlie globe ; and hence, he justly calls for their assist- 
ance in explaining the history of those remarkable organic remains 
wMch characterize the several geological epochs. 

When the geologist proceeds systematically to trace the series 
of these phenomena, to ascertain their causes, and to connect 
together all the indications of change that are fotind in the 
organic and inorganic kingdoms of nature, he attempts the stmc- 
ture of a Theory op crbation, which shall embrace the whole 
course of the world, from the earliest to the present times ; and 
which, it may reasonably be concluded, may be resolved into 
one great cycle, yet unfinished. But for this the materials of the 
science are by no means prepared, nor is its progress sufficiently 
advanced. 

The history of organic remains forms an interesting branch of 
descriptive geology, where, it may be said, we find the medal- 
stamps of creation in the first forms of organic life that came 
from the hands of the Creator. The fact is all-important, and the 
science is prepared to announce it, that in the lowest fossilifei-ous 
strata of the earth, vbobtablbs appear among the first of all liv- 
ing things : the impressions of plants, and entire beds of carbon- 
aceous matter, are found in the most ancient strata of the Silurian 
group of rocks. Nor less important is the fact, that the fossils 
which next arrest the attention are the remains of marine animals, 
myriads of shells, and vast numbers of fishes. Then, in the 
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til th mp f tJ b ts f the eailli. The sea, it is 

n xt d d w m d with 1 reptilian bodies, before 

n mm 1 q d -up d d ttl h d yet a place on dry land ; 
Im th bltpm fg structui-e, the ciowning 
p ftl pjmdft tlb ng, is, according to the 
g 1 1 ir t ]. Ij h place — no hone nor frag- 

ment of his kind, havmg been detected in the solid frame of the 

Such is the vista into the past opened up through these rocky 
entablatures of five globe. Compared ivitli other branches of 
knowledge, in point of mere exciting topics of interest, geology 
occupies a distinguished position. Ifay, Uie truth here, to those 
not convei-sant with the science, is even more incredible than 
fietiou. As a study into the records of creatJon, geology has dis- 
closed views, and elicited discoveries, of the works of the Divine 
Architect of the world, which the religious inquirer will as cordi- 
ally embrace, as ignorance only can overlook or misapprehend. — 
Hewton imagined, so porous is all earthy matter, that this terrene 
globe could be crushed into the size of two or three cubic inohea 
of solid substance. Geology now shows that the most conci-eto 
rocks, ch^ns of hills and even of mountains, Uie soft cJays of 
Virginia, and loose floating deserts of sand, are many of them 
composed of the shields and skeletons of animalcules ; evidences, 
through all past time, of the wondrous prodigality of nature, and 
of the superabundant goodness of its Author Nothing, indeed, 
at first sight can appear more barren of e^ery point of mter- 
esting illustration than the rocky masses of the eaith Teai off 
the grassy covering which conceals, while it freshens, the outer 
crust of the globe, and to mere disordei and confusion there 
seems to be superadded the more repulsive features of sterdity 
and death. But ezamine a little deeper, and you wdl see oider, 
symmetty, and beauty ; what is now frigid and motionlei^, was 
once animated with the breatii of life ; these stony ehambersi be- 
neath, the necropolis of a buried world. The study of the Course 
of Creation, therefore, when read aright — whether in its oigamc 
or inorganic lessons — cannot fail to present the most vaiied and 
sublime illustrations of the power, wisdom, and goodness of Hun 
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who reared the stupendous fabric, and made our earth one of the 
blight rolhng planets of the uniTerse. 

There ai'e many points, however, and questions of the deepest 
importance, that ai-e far from being satisfactorily determiaed. — 
The progress of vegetable and animal life, fov example, is sup- 
posed to correspond witli the varying conditions and changes of 
tlie earth s surfa:,e, when the races are summoned info existence, 
not at once, nor after short intervals, but successively, and after 
ages of unfathomable extent. The record, even as a chronicle of 
mere life and dfath, is a maweloua one, full of singular revela- 
tions, and disclosing types of organized being that have long been 
obliterated But when as yet there was no rational head in this 
jnundajie tcene, the assumption is, that the inferior tribes were for 
MiLLioHS of years the sole living occupants of the planet ! Can 
all the data be sound, rightly understood, and properly interpre- 
ted, that lead to such conclusions ? The epic of this lengthened 
scries of events is yet, it may be said, without a hero. The 
tragedy of wUd revolution and carnage lacks romance in the very 
monotony of its devastation. And destitute alike of a moral, and 
of a fitting audience, the brilliancy of the representation loses half 
its attractions in losing all its humanity. 

One established principle of the science connected with this 
point is, that there are certain groups of animal species found 
fossil in the different sets of strata which compose the earth's 
crnst, and that these demonstrate something hke a series of dis- 
tinct faunas corresponding to the number of formations. Seven 
or eight sets of rocks, at least, are as distinctly characterized by 
paiiicular seta of fossils. But the exceptions to the law are like- 
wise very numerous, inasmuch as both species and genera have 
been carried forward, and are identically the same, from one for- 
mation and epoch into another. Hence, points neither of differ- 
ence nor of resemblance, from age to age, are absolute, and cannot 
very minutely be applied as regards the several formations and 
their organic contents. The types of one formation are repeatedly 
mingled with those of another. And the value of all the evi- 
dence collected from fossil remains, while it establishes undenia- 
bly a succession in the mineral deposits, leaves the question as to 
the limits of the epochs, and their relation to Time, still partially 
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undefermined. The theory too of progressive development, or 
that of independent acts of creation — the causes of the estinciion 
of old, and the introduction of new races— the extent of time 
implied or indicated in the whole series of events — and the all- 
important point involved in this chronology, whether all or any of 
the geological series are alluded to in the Mosaic account of crea- 
tion — are questions that necessarily press upon the attention, as 
we would solve or not the inquiries suggested. The sounding- 
line of geology is not to be despised, or cast at once aside, should 
it f^l in fumishing a just estimate and measure of such profound 
investigations. Every failure will only prove a stimulus to renewed 
exertion, as every discovered patt of error leads one step in ad- 
vance toward the path of truth, and that in turn to harmony with 
the Book of all tbuth. 
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CHAPTER 11. 

THEORIES OF ORGANia LIFE. 



After inquirmg iuto tlieir order of auceession, the rdaHon 
wliicli organic fossils hare to each other, as genera and species, 
lalls naturaUy to be considered. How have these various families 
of creatures, brought to light by geology, been formed? In 
what manner have they become extinct ? Have ttey all pro- 
ceeded from a few original types, which have been modified by 
circumstances, increased in variety, and perfected in form, as 
they advance from tlie older to the newer formations ? And does 
geology furnish any data on which to build a theoiy of their 
exiinction as the higher and succeeding kinds emerged into being ? 
A learned author, Professor Pictet of Geneva, bas spoken of these 
speculations in terms of a rule or law, as follows :— -" The/aumxs 
of the most amd^it formations are made up of Ike less perfectly orga- 
mzed anhnals, and the degree ^perfection increases as we approach 
the more recent epochs." 

This was long held as a favorite dogma among geolo^sts, 
when, in proportion to the scantiness of facts, there was an 
iiici-easing eagerness to magoify their value, and to build upon 
them the widest generalizations. But now, since accurate observa- 
tions are more and more multiplied, and the principles of paleon- 
tology axe better understood, the doctrine of a gradual advance 
of animal organization toward higher aud more perfect forms as 
we ascend through the successive deposits of the earth's crust, is 
daily losing ground among the cultivators of the science. The 
notion is based upon the theory of a scale of beings, in which all 
animals are supposed to form a series, or to constitute links of an 
unbroken chain, whereof each species is more perfect than that 
which precedes it, and the varying degrees of perfection oon- 
(393) 
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atantly increasing until they reach their maxiimim ia man, tlie 
highest link in the chain. M. Pictet himself regards this theory 
as vagiie and unsupported by facts, as well in the organization of 
the extinct as of the existing races of animals. These beings, he 
says, are divided into a ceiiain number of groups, each of ivhich 
exhibits a peculiar type ; but while some of the groups are mani- 
festly superior to others when we consider their organization 
generally, it happens also that the result of a comparison some- 
times fMla to establish any real superiority. The faunas of the 
more ancient formations he holds to be far less imperfect tiiaa has 
been often supposed, where the vertebrate type is represented by 
the fishes, and whose structuj'e is as complicated ^d finished as 
the most recent of their kind ; while the invertebrate again fur- 
nishes numerous examples of fossilized gasteropoda and cephalo- 
poda, the Biost perfect orders of the molluscous class. As with 
these, so with the relics of every succeeding epoch, in whicii all 
the types, the genera, and species of every family of the animal 
kingdom, are represented by organic structures as perfect as those 
of the present day. 

We quote the following important cautionary remark by the 
same author ; — " We ought not," says Professor Pictet, " to be 
too hasty in assuming the absence of certain more pei-fect types 
in tlie older faunas, merely because we have not yet discovered 
any remams of them We hirdly know mjthm^ cf these faunas 
except with regard to some of the nhabilants of the sea and it 
18 well known tliat in the pie&mt e ndition of the 5,lobe thoM 
animals livmg on land exhib t the highei forms of "ftjuctuie Is 
it not possible that in these first ages ot the woild terrestnal 
annnils also existed more highly organized than their marine 
cotemporaripi although their remains eithei hire not been pre 
served or are still to be diacinered' The existente of dide! 
phine mimmais m the oolitei has been mide out b} the diicivery 
of a veij small numbei of fragments and the lemans of land 
animals generally aie hardly fossilized except by sudden deluges 
and mundd.tions which are always tiiflmg in then lesults com 
pared with the slon but unceaismg deposits fiom the water of the 
sea Mij w not >et expect new disooveiics m tlitie ancu,nt 
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strata, revealing to us the existence of primeva,! animals at present 
little suspected V 

Tte same mode of reasoning may be extended to the ancient 
floras, or terrestrial plants of the primeyal ages. Wliat a revela- 
tion, for instance, is made in the recently discovered coal deposits 
of Oporto and the Upper Douro, where, along with the orthides, 
trilobites, and graptoUtes of the lower silurian rocks, are found 
vegetable impressions strongly resembling the ferns of the cax- 
boniferous age ? The Cromarty fossil pine, from the lower old 
red sandstone, has been already noticed. While these pages 
have been passing through the press we have to record the dis- 
covery of a specimen, nearly two feet in length and half a foot in 
thickness, from the beds of tke middle old red and immediately 
underlying tiie yellow sandstone of Dura Den. This fossil is 
considerably flattened and furred with the scars or markings so 
characteristic of the decorticated trees belonging to the coal 
foi-mation. Does not this warrant the expectation of a richer 
harvest to be yet gleaned in these ancient fields than the marine 
fuoi and algje that have hitherto been mainly gathered in by the 
geological sickle ? 

Another mode of accounting for the succession of organized 
beings on the surface of the globe, and consequently also their 
successive extinction and oiitgoing, as seen iu the fossiliferous 
roots, is that which is termed the theoet of development, or 
the doctrme of the transmutation of species. The same has been 
a very ancient and favorite notion among mankind. Early in this 
ccntuiy it assumed tiie form of a system, under the adaptive 
principle of Lamarck, wlio conceived that animals, according to 
the circumstances in which they are placed, by the use or disuse 
of certMU organs, the frequency and degree of exertion or strain 
upon particular parts of the body, were themselves the agents in 
inducing all the variety of structures by which they are distin- 
guished into so maay orders and families. The aquatic fowl, for 
example, is attracted to the waters in quest of food, and so la 
time becomes web-footed. The heron dislikes to pkmge into the 
flood, or will only venture into the shoals, and hence he becomes 
a. wader, and is equipped with long legs. The woodpecker 
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rejoices in those little aphides wad creatures that nestle under the 
bark of ti-ees, and thus, from conataot exercise, acquires his 
strength of bill. The eagle seeks the blaze of the sun, and soars 
to the gates of heaven, and hence his penetrating eye and speed 
of descent upon his aU unconscious victim beneath. And, in Uke 
manner, throughthewhole lange of iinimated nature, and in all past 
ages, genera and species have all acquned then adaptive powers, 
and distinctive forms of organization arising fiom a certain plas- 
tic character in tteir different coiifctitution>i and their own volun- 
tary attempts to supply their constanfly mcietsmg waute. There 
■were a few great leadmg stamps or dies of nature's own molding ; 
but all the rest — even man himself — are merely offsets from tiie 

primitive type, with euoh extendoii of orgnna and modification of 

excrescences as were required ia each particular case ; succeeding 
races always retaining a strong affinity to their immediate pre- 
decessors, and a tendency to impress their own features on their 
kindred which succeed them. There is a limit of divergence ; 
but within that limit, the luimaa family have their place assigned 
them among the monkeys and wild men of the woods. 

It is the same extravagant idea, th^ of a e<f)istar>i progresskm 
toward animal perfec&m, which has become so popularized in 
" The Vestiges of the Natural History of Creation." This author, 
indeed, has taken a wider and bolder flight than even the French 
philosopher, M. Lamarck. He brings the rudimentary elements 
and moleculai' forms of all creation before him. He expatiates 
through infinite space, and amidst the originalfii-e-mist of the astral 
worlds. He finds bnt one grand law perviding the whole urn- 
verse of being, operating in tlie self same way m the production 
of planets and suns, as in the germmation of m'iects and animal- 
cules, the life-impregnating principle m tlie one being only a 
modification of tlie aggregating and rotary tendencies that rale 
in the other — the blind and casual evolution of some agpucy of a 
material system, substituted for the creative will of an mtelligent 
ever-active First Cause. "A nucleated vesicle" i-, the funda- 
mental form of all organization, as nuclei of luminous mattci aie 
tlie sources of the stars ; tliis is the m'^eting point between the 
organic and the inorganic, the end of the mmeial and beginning 
of the vegetable and animal kingdoms , whence they start m diflerent 
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directions, hut in a general paiallphsm and analog Assuming 
the vast indefinite periods of the geologn-il epochs to he correct, 
the author makes great accouEt of time, and the mighty changes 
which will be produced in the lapse of countless ages, and thus 
rebuts the argument against his theory that us so obviously fni-- 
nished from the fisedunalteredcharactersof organization that have 
prevailed tLroughout the entire modem epoch. This he argues is 
merely a point, an infinitesimal fraction, when compared with the 
epochs of geology. The eye detects not the changes which all 
specific foi-ras are slowly but unceasingly undergoing within 
limited portions of time, even as the nicest instruments cannot 
always enable the astronomer to note the changes of position 
among the heavenly bodies. Hence the appearance of so many 
of the stars as unchangingly fixed in their relations to each other. 
The whole solar system, too, upon the ground of imperfect unre- 
cording vision, seems to be anchored in one portion of space. 
And hence likewise the argument against the motion of the earth 
itself, which so long prevailed, derived from the fact of there 
being no sensible parallax, and now so easily accounted for by 
the insignificant smallness of its orbit, as compared with the 
remoteness of the stars. Limited, in like manner, to the narrow 
field of observation afforded within the human period, the modi- 
fications of species and their transmutations into the higher grades 
of animals are not appreciable, because its six thousand years are 
as a moment, in comparison wiih those incalculable ages of 
geology which lia,ve been concerned in the phenomenon I 

Thus does the author of the " Vestiges" revel amidst the sub- 
limities and copious materials of liis subject. Time and space, 
tlie elements of the astral heavens and the earth, are alike inde- 
finitely in his grasp. That he has failed to frame a better system 
of things than the one we see actually around us, is a necessary 
conseqiience of the restrwnts imposed on human investigation. 
Facta will not be supplanted by any heights, or deptiis, or in- 
genuities of speculation. And as existing nature is all against the 
doctrine of transmutation and development, so the discoveries of 
geology through all its formations are equally opposed to such 
views of creation. A short sketch of both will abundantly illus- 
trate this. 



Host.d./Gciogic 



aas TnEOBIBS OF 

As to the course of living nature, the development theory is 
there at once repadiated in the now clearly established fact, that 
the first germinal vesicles are difierent in the different tribes of 
animals. A non-identity of type is discoverable in the miniitest 
microscopical beginnings of organic life. And " by no change of 
conditions can two ova of animals of the same species be developed 
into different animal species ; neither by any provision of identical 
conditions can two ova of different species he develiped into ani 
mala of the same kind." Oorresp i to th d ft m 

their fcetal fonns, there are in all th t ^ tow 1 p t t a 
similarity of progress in the vai'iou g d ppe la^ tl 

same kinds of animals. Fishes, bidqdpd II m fta 
divergence fyom each, other in the h t th P * §■ 

organs — in the nerfons system — d 1! tl pp t 
nected with the movements of tlie 1 -t d bl d 1 Tl 
is no atructural interchange, in tliem ttptthtdtg h 
the orders of tlie perfect animal m any ot the antecedent fcetal 
conditions ; the organic contrivances within the egg being as com- 
plete and as thoroughly prospective to Uie future use and habits 
of the bird, as are the petals of the flower inclosed within the 
bnd, the arms of the giant oak within the acorn, or man in his 
evolving capacity toward intellectual being. 

Wliat is thus true in all the i-udimentary stages of org-anic de- 
velopment is strikingly confirmed by the unalterable condition of 
all living nature. Plants and animals never diverge, beyond 
small ascertained limits, from the fixed characters of their families, 
resisting (he eff^ects of every kind of influence, whether proeeedmg 
from natural causes or hiiman interference. The lapse of three 
thousand years has left the embalmed carcasses of men and ani- 
mals, in Egypt, wrapped and swathed in a material woven from 
the same species of plants which still flourish on the banks of the 
File. The crocodile and the ibis still drink of its waters. No- 
thing changed in form or appearance, the swarthy Arab repairs 
to its cooling fount^na to quench his thirst. Nature has been 
tortured in a thousand ways, to cause her to depart from her long 
beaten paths ; hut she is obdurate on every point. Man would 
improve her kinds, and hybrids are produced ; but there the variety 
ends. Crosses are constantly attempted ; but "the hitherto and 
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n f itli s ^^pr cl 1 Or fTillc ^ tie s arc 

i-oai-ed witl all tlie applnn ts. of hciticultuial kill and yet in ill 
tlieir seminal and fl ral oigans the te"cture of then leai es and 

I aik the sttiicture of their loofei and stem the ludimentaiy stock 
lemiins one ind the samr Domestication has mdeed wrought 
TV ondciful hinges and impiovements in the breed of m'ln) ciea 
turPs H rse=i oxen sheep pi^s djg« ind pjnltry of ill sjrfcs 
ir increased m hnik tamed an elioiated m hahit and dispositnn 
But the skeletons of all continue essentially ta they iieie n their 
natmil state ind even the individuals the most widely removed 
fiom the primit \ e tj pe is exemplified in the canine raue nevei 
piesent any reai diffeience of form in the important organs — 
"Wlien again abandoned to then own guidance and the reitrainta 

II iposed by man are remjved the domesticated animals ona aad 
ill return to their iormei condition and speedily resume the m 
stincfcs and appeal ince of tiie jni!Q,le and the foicst 

If such are (he un^aiymglawa ot pl-jsiolo^y now the presump 
ti n IS thit they have heen tlie same m all pist a^es Creatures 
are biought tr m the exfcreniit es of the earth — the p lar temper 
ite and fr pical dcma us all mixed up and er ssed mth each 
othei— food climate anl tieatment all changed — and through 
all the type >f eveiy spec es continuea as before — no transmuta 
t on of ne kind into anothei un ler all the v dent tutoiing agen 
cie'! to whiih they have been &ubjocted For tliouaandf. of yeiia 
such his been the unsweivmg course of niture Would it not 
elcarlyhe <* solecism m reasonm^, to ir^-ue diff^eiently ovei the 
geological cpochi however indekiite iii extent because in the 
f 11 off rPt,ions of spaee oua eyes can note no change m the lela 
tue poBifion ol the stars" The thmgs will not ccmpaie Time 
and space are not co-ordinate terms. And an appeal from posi- 
tive knowledge to supposed, assumed ignorance does not meet the 
question. 

Meanwhile, the amplitude of tlie current epoch, if we may ko 
speak, gives scope and verge enough for all the requirements of 
the problem to be solved, the conditions of the argument to be 
established, the process of reasoning to be employed. An ex- 
perience not merely of six thousand years, but an experience 
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embraeing a uniformity of results in all the hundreds of thonaands 
of instances into wliicli animate nature is divided, in all tlie count- 
less species of plants and animals which have existed successively 
throiighout the whole of that period, furnishes proof of such a 
cumulative kind as approaches, if not to demonstration, at least to 
the nearest possible degree of certainty. There is no instance of 
a single transmutation of a vegetable species into another species, 
of algse into fuci or conversely, of grasses into cereals, of endogens 
iufo exogens, of the pine into the oak ; and tlie same of ajiima] 
species, where, through all the living tribes, the fixity of family 
Isw has mamtaiaed its steady, unchanging course since Adam 
gave names to them, down to the present hour. What link in the 
ch^n is wanting ? The course of creation is verified and com- 
plete. The exception would be a miracle. And we are not at 
liberty, upon just principles of ratiocination, to refuse our assent, 
where all the facts, indefinite as to number, are exclusively on 
one side, and none upon the other. Our belief in the case is de- 
fined and restrained by the absolute imifonnity of stubhom, un- 
bending nature ; and an appeal from the known to the unknown, 
from the human to the geological epochs, is just to relinquish reason 
for the dominion of imagination, the evidences of the senses for 
the visions of fancy. The shark, rapacious as ever, holds the 
empire of the seas — the lion, the domwn of the forest — the eagle, 
the region of the air — and man, progres^ve man, alone looks unto 
the heavens and blesses his Maker. 

Hume was so impressed with the force of this argument, as to 
mtuntain, upoa the ground of it, the absolute inipossihility oi 
establishing the ti'uth of a single miraculous event, or of any 
event tbat did not harmonize with the existing couise of nature 
The Laws of Hature have been so uniform, withm the entire 
range of human experience, as that no testimony or reasonmg of 
man, says that subtile dialecfitian, can invalidate their authority, or 
render credible any alleged case of discrepancy or of deviation, — 
The author of the " Vestiges," for the first time, has cast the 
whole weight of this evidence aside, or holds it as even scarcely 
relevant in a question of proof. And thus outstripping, as he 
does, both the measure and the requirements of the Oliristian's 
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faith, he may be safely left to the logic of its most merciless ad- 
versary in dealing with the phenomenal or imaginary transmuta- 
tions of the geological epochs. 

But the facts of geology, from its remotest periods, are in 
themselves no less strongly opposed to this extravagant, untena- 
ble hypothesis. This might be presumed from the disljnct teach- 
ings of geology, as already stated, against the theory of a scale 
of beings becoming more perfect as we ascend from the faunas of 
the older to those of the newer formations. The famihes of the 
various formations are distinct, and consist of real non -interchang- 
ing forms of structure, whether they die out and disappear with a 
particular formation, or are can-ied forward and intennixed with 
tlie fossils of another. The fishes of the Silurian rocks, are as 
perfect after their kind as those of the Devonian, Carboniferous, 
or Cretaceous deposits ; and not less perfect than they are genuine 
types of all tiieir successors. The $auroids of the old red sand- 
stone have reptilian resemblances, but yet th m mi ^s f the 
oolite age have no affinities of true kindred desc nt wh I ^am, 
of all the mammalia of the tertiary period, ther t n that 

boasts a hkeness, in habit or organization, to a mgl tu f 

an antecedent or posterior epoch. " Thus betw n th f te ^ - 
num. and the species of our own days," says Cu w 1 Id 

be able to discover some intermediate forms ; and yet no such 
discovery has ever been made. Since the bowels of the earth 
have not preserved monuments of this strange genealogy, we have 
a right to conclude, that the ancient and now extinct species were 
as permanent in tlieir forms and characters as those which exist at 
present : or at least, that the catastrophe which destroyed them 
did not leave sufScient time for the production of the changes 
that are alleged to have taken place." Agassiz, in his own de- 
partment of fishes, is equally opposed in all his deductions to the 
transformaljon of species from one formation to another, which he 
asserts, " the imagination invents with as much facility as the 
reason refutes." Professor Owen, after minutely examining the 
organic structure of the nine orders of fossil reptiles, declares no 
less strongly against the theory, and adds — " The nearest approxi- 
mation to the organization of fishes is made by the lelitJiyosaurus, 
an extinct genus which appears to have been introduced into the 
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ancient seas subsequent to the deposition of tlie strata inclosing 
the remains of the thecodont lizards. But hy no known forms of 
the fossil animals caa we diminish the wide inferral which divides 
the most sauroid of fishes fromaJi IcJdhyosaurus."* 

The development theory is not more at fault in the rudimentary 
structure and primitive size of animals, as brought to light by the 
deepest researches of geology, than it is in the perfection and 
complication of the several organs with which they were endowed. 
These organs in. the earlier types ought, upon the principles of this 
theory, to have all paitaien of the simplicity and sameness of the 
il vesicles ■ varying indeed in their complexity, as in their 
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close of the tertiary penods, tor they still exist. But m none of 
her subsequent creations has B"ature displayed greater elaboration 
in the parts, or more skiUful adaptive contrivance in their arrange- 
ment, than in the visual organ of this palteoaoic family. Tlie eye 
of the trilobite is formed of four hundred spherical lenses, arrang- 
ed in distinct compartments on the surface of the cornea, which 
again projects conically upwai-d, so as to enable the animal while 
resting, or seeking its food at the bottom of the waters, to take in 
the largest possible field of view — this, as it migKt require, either 
for the purpose of defense or attack. Fishes, birds, and mam- 
mals, have all, it is well known, an optical apparatus precisely 
adjusted to tieir respective habits and the element in which they 
live. Fishes and fowls have their eyes differently constructed. — 

* This hraiicJi of the argument has also been minutely and ingeniously- 
extended in the last work of Mr. Hugh Miller, " Foot-prin.t3 of the Crea- 
tor," where the author dwells particularly on the oonipara,tiTe measarements 
of the difierent fossils found in diffei-ent formations ; a masterly and felici- 
tona addition to the aide of truth. 
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Tiie bat, which preys in the dark, — the eagle, which soars in the 
blaze of the sun, — and the mole, which, burrows in the earth, have 
each peculiar and appropriate organisms. But in none is there 
greater complication or perfection, than what is manifested in the 
eye of tliese earliest and still living tribes of the waters. 

The number of plates or cyiiuders which compose the eyes of 
insects, a higher and more gifted class, differs in different species, 
amounting in the ant, so provident and wise, to only fifty, in the 
house-fly to eight thousand, and in the raordella to the amazing 
number of twenty-five thousand and eighty-eight. And yet how 
niuch is all tliis surpassed by the astounding mechanism display- 
ed in the eye of the cod-fisL, in whose crystalline lens there have 
been detected about five million fibers, every fiber containing 
about twelve thousand fire liundred teeth ; and the total number 
of these teeth or processes reaching the numerical, though to us 
utterly inconceivable, amount of sixty4wo billions five hundred 
tliousand millions ' But more thin all this Look at the mulli- 
plied appliance fuini bed to the humble'it and 1 west t all living 
creatures for periormmg tie fun tions (t an existeni-e scarcely 
i-emoved abo^e the vcgetible The tentacula of polypi," says 
Dr. Koget, ' are (.sjuiitely sensible ind a,re fiequently seen, 
either singly or altogethei bei dma: the i extremities toward the 
mouth, when iny minute floatinj, bodj comes in contact with 
thorn. When a poljp is expanded a con'itant current of water 
is observed t>. take place directed toward the mouth These 
currents are ne^er prodnoed by the motions of the tentacula 
themselves ; but are invinably the efiects of the rapid vibra- 
tions of the Clin placed on the tentacula Now of these organs 
a single fiuslri /oliacaj has been i,alculated to possess about 
400,000,000." Thus much for the Zoophyte class of animals — 
placed on the extreme verge of organiaed bodies — and members 
of a system of being, according to the development theory, whose 
primitive productions are of the simplest kind, the monads of a 
gei-minating vesicle ! 

Nor will the development theory do better, when it would 
account for the diversity of instincts which prevail in the animal 
kingdom. The instincts, indeed, it assumes as the cause of all 
their diversity of structural organization. But this is to beg the 
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wh-ole question. Geology canios us back Lo the beginnings of 
organic life, when animals, ea«li after tlxeir kind, were already 
perfected, and endowed wiiii a ready-made apparatus for the par- 
ticular sphere of existence aissigned ttem. The polypi are still a 
distinct race, unvarying fa their instincts, not the least improved 
in the building art, still piling up reefs, and doing the same thing 
which they did when first created. The nauljlus has lived through 
all time, swimming Vm fragile baxk as dextrously over the Silurian 
seas as ho now does amidst the breakers of the Pacific. The 
cephalopoda and the fmny tribes then warred against each other, 
and ever since they meet m mortal conflict. The same with aU 
the great families whicli were successively biou^ht upon the staL,e 
species and genera have changed, the old withdrawn and new 

ones introduced ; but in their respective ordeis — reptiles in&eets 
birds, and quadrupeds — the type ever cont nues and the mstmcfs 
remain; and there is no nearer an approximation to oi ciossmg 
of each other's domains now, than when hrst summoned intc 
being. Were the development theory true in nature, and the 
epochs of geology the myriads of ages assumed, the presumption 
would be, that the old primitive forms would have been all oblite- 
rated and figures of creatures substituted, all of the most remote 
and indistinct analogies. The tnonodal races, why have they not 
all passed away ? Had the reptiles sprung from fishes, why, upon 
the principle of progression, should there be fishes still ? Had 
man derived his parentage from the monkey, why are there so 
many species of the one class, and only a single great family of 
the other ? The vegetable tribes have been equally true to their 
kiad — the fucoids and algM, still abundant in the seas — the pines 
of Mar forest, rivaling in coniferous qualities the most gigantic of 
the oldest relics — and the palms and fern trees of Australia main- 
taining the very types that flourished in the carboniferous era. 

The scheme of creation, moreover, implied in the development 
theory, proceeds, as it appears to us, upon an inconsistency of 
assumption that is completely at variance with its own leading 
cardinal principle, namely, a continuous progression from the less 
to the more perfect forms of organic existence. If this be true 
with the parlioulars, why not also in the generals of all that is 
endowed with the mystery of life? Eveiy gi'eat type or class of 
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e detected ia tlie most ancient roelts of the 
earth, has alill its i-epi-esentativea in Jiving nature. The two ends 
of the chain, tte. iafusoria,! and mammaUan families, are still pro- 
diiced distinct, and each perfect after its kind. The course of 
creation is thus always, through indefinit* time, returning upon 
itself like the fallacy in dialectics of reasoning in a circle, instead 
of advancing from the auccessiTely higher standards of the per- 
fected models to still more varied and perfect degrees of excel- 
lence. The circumstances and conditions, too, of the planet are 
different from what they were m the palffiozoie times, and yet the 
tribes developed then are all developed still; different in the 
species and genera, hut of !he same fonns and families ; not 
larger, but more frequentiy less, in size, and not of better or more 
complex workmanship. The principle is, therefore, inconsistent 
with itself, while it leaves unexpl^ned its own assumption of pro- 
gression in one particular direction only, instead, as it ought to be, 
in all the primitive types of organic existence. The theory is im- 
perfect beside, in attempting no explanation of the inorganic 
sti'uctures of creation ; for the original molecules of matter which 
assimilated, ^gregated, and produced the primary rocks of 
granite, gneiss, schist, limestone, should have had their law in 
tliis direction as well as in the other, of progressive perfection. 
But these rocks, in no such sense as this, have been repeated or 
reproduced : matter, essentially the same, according te the theory 
of the "Vestiges," whether organic or inorganic, has here retro- 
graded rather than progressed ; and if we would contemplate its 
most elaborate and beautiful forms, either igneous or sedimen- 
tary, we must go, not to the secondary and tertiary formations 
for our specimens, but to the crystalline groups of the primary 
epoch. 

Wliatever it may have been with Lamarck, it is certain, in the 
case of the author of the " Vestiges," Uiat the speculations origi- 
nating in the nebular hypothesis lie at the foundation of all his 
philosophy. This Essay would never have been executed, as it 
could not even have been imagined, but for the data so abundantly 
supplied by a univei-sal star-dust lettering, filling all space and in- 
scribed over all time. But change the names, and it is oniy the 
atoms of Demoeritus and the vortices of Descartes that constitute 
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9 and all, of the modem cosmogony. Cicero in 
his first and second books " De STatura Deonim," has given a full 
and ample refutation of the former ; and his merit is the greater, 
whea it is considered that the inductive methods of philosophizing 
were not in use nor even guessed at in his time. The argument, 
as quMntly translated in Ray's "Wisdom of Creation," is thus 
stated — "If the works of nature are better, more exact and per- 
fect, than the works of art, and art effects nothing without i-eason, 
neither can the works of nature be thought to be effected without 
reason ; for is it not absurd and incongruous, that when thou be- 
holdest a statue or curious picture, thou shouldst acknowledge 
that art was used to the making of it ; or, when thou seest the 
course of a ship upon the waters thou shouldst not doubt but the 
motion of it is regulated and directed by reason and art ; or, 
when thou considei-est a eum-diai. or clock, thou shouldst under- 
stand presently, that the hours are shown by art and not by 
chance ; and yet imagine or believe, that the world, which com- 
prehends all these arts and artificers, was made without counsel 
or reason ? If one should carry into Scythia or Britain such a 
sphere as onr friend Poaidonius lately made, each, of whose con- 
versions did the same thing in the sun and moon and other five 
planets, which we see effected every night and day in the heavens, 
who among those barbarians would doubt that that sphere was 
composed by reason and art ? " 

The inhabitants of this island are no longer the "barbarians." 
The Scythians still are so, and have ever been. Upon the develop- 
ment hypothesis, might we not pause to ast, has our intellectual, 
and moral, and soeial progress affected our physical condition so 
as in aught to change the organic relation of the two nations, bar- 
barous both in the time of Cicero ? 

Biitweproceed:—-" A wonder then it must needs be," continues 
the philosopher, "that there should be any man found so stupid and 
forsaiea of reason, as to persuade himself that this most beautiful 
and adorned world was or could be produced by the fortuitous 
concourse of atoms. He that can prevail with himself to believe 
this, I do not see why he may not as well admit, that if there were 
made innumerable figures of the one-and-twenty letters,— -in gold 
suppose or any other metal, — and these well shaien and mixed 
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togetlier, and tlirown down from some high place to the ground, 
they, when they Ugkted upon the eai'th, would be so disposed and 
ranked, that a man might see aaid read in them Ennius's Annals ; 
■whereas, it were a great chance if he should find one verse thereof 
among them all : for if this concourse of atoms could make a 
WHOM WORLD, why may it not sometimes make, and hath it not 
somewhere or other in the earth made, a temple, or a gallery, or 
a portico, or a house, or a city ? which yet it is so far from doing, 
and every man so far from belicTing, that should any one of us 
be cast, suppose upon a desolate island, and find there a m^ifi- 
cent palace, artificially contrived according to the exactest rules 
of architecture, and curiously adorned and furnished, it would 
never once eater into his head that tliis was done by an earthquake, 
or the foriuitons shuffling together of its component materials, or 
that it had stood there ever since the construction of the world, or 
first cohesion of atoms ; bat would presently conclude that there 
had been some intelligent architect there, the effect of whose art 
and skill it was. Or, should he find there but one single sheet of 
parchment or paper, an epistle or oration written full of profound 
sense, expressed in proper and significant words, illiistrated and 
adorned with elegant phrase, — it were beyond the possibihty of 
the wit of man to persuade him that this was done by the temera- 
rious dashes of an unguided pen, or by the rude scattering of ink 
xipon the paper, or by tiie lucky projection of so many letters at 
all adventures ; but he would be convinced, by the evidence of 
the thing at first sight, that there had been not only some man, 
but some scholar, there." 

ITow, here let there be but the substitution of a few terms — ■ 
"fortuitous concourse" for the "nucleated vesicle" — "atoms" 
that whirl in mazy dance through indefinite time, for the " stai- 
dust" revolving through infinite space — "transmutation of spe- 
cies" for "the lucky projection of so many letters"~and the 
overthrow of the one hypothesis is as ruinously complete as the 
demolition of the other. 

Thus geology, while it reveals a succession of animal types, 
pronounces each after its kind perfect in its own degree and 
measure of organic development. The oldest known fossil fish 
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(the Onchus Murcliisoni, and inhumed in the lowest fossiliferous 
beds), belongs fo the highest type of tJie Cestraciont division of 
the vertehrata. What they were made at first, they al! yindic ate 
their capacity of continuing to the end. The various tribes and 
orders had their own limits of organization, their own sphere 
within which tlie fiinctions of eaeh were to be performed, and 
adapted to fte condition in which they were placed, each reaped 
the full enjoyment that divine benevolence had appointed. Man 
was tiie last in the course of successive creation, endowed with 
the highest and most enlarged capacities, and, allied to none, was 
constituted the priest of nature, tliat he might collect the silent 
praises of the wniverse, and offer them to the Creator in intelligent 

devotion. 

But here it is, when we have reached this link of the chain, 
that the most vitiating element in the whole doctrine of progres- 
sive development is manifested. The anti-theism and material- 
ism, involved inevitably and nndisguisedly in the noxious dogma, 
are brought out in bold relief. This dogma implies, that the 
cosmical arrangements and all the organic transmutafiona of living 
types, are none of them directly the result of any personal, imme- 
diate creative actings on the part of Deity. These arrangements, 
from the beginning, are aD dependent on one unchanging law, ap- 
plicable ftlilte to organic and inorganic bodies, to the mysterious 
principle of life, and to things inanimate, — to mind as to matter. 
The simple effect of this may appeal' to be, the removal of the 
Creator merely a step farther from his own works, which he can 
still hold in the hollow of his hand, and hend whither He will. 
But the statement goes a great deal farther. It strikes directly 
at the root of all moral distinctions as well as of all revealed truth. 
The creature man, upon this hypothesis, the last link in the ter- 
restrial chain, comes not from his Maker's hands " made in his own 
likeness." He too is the product of a natural law, evolved after 
a long series of metamorphoses, to whose operation the moral and 
the physical are equally subject, — the soul and the body alike the 
result of its rigid inflexible agency. From the fire-mist and 
electro-nebulous matter, which is assumed to have originally filled 
all spa^e, Man, along with suns and stars, and all planetary 
bodies, derived the first germ of his being. At first gaseous, it 
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became in process of time concrete, Tliere was no life until the 
electric spark, struck in some mysterious way from the dance of 
atoms and wild whirl of the elements, vivified the germ with this 
newly-developed principle. Tlien the gerniinal vesicle hecame a 
self-moving, self-acting thing — not at first, but after a series of 
changes, adapted into the type of the human family, whose life 
was but the life for ages of the animals that have perished, and 
iire now fossilized in their various fonnations. The peihcipu; ov 
LIFE, in short, as implied in this account of its origin, is the same 
essentially with the lig'ht and heat that sparkle aad glow in the 
rolling orbs which deck the firmament ! 

Much of the development theory is built upon the influence of 
the instincts as manifested in the lower tribes. Let its abettors 
listen fo tte indignant cry of the whole family op man agmnst 
this theory of his origin ; and say, if there is not an instinct here, 
peculiar and distinct, to vindicate his claim to a separate and dis- 
tinct position in the gTeat system of being. " Quanta ad earn 
rem vis," says Cicero, " ut in suo quoque genere permaneat." 

The continental philosophy, at no time for the last century, 
has partaken of a reli^ous, healthy tone. It has been profoundly 
subtile in its speculations and analysis, but never ti-uly spiritual. 
The author of the " Vestiges," from his own turn of mind, has 
been all the more enamored of it, and, unwittingly dragged into 
its vortex, has been earned fer beyond the ken of all rightful phi- 
losophies. These arc not the subjects of legitimate investigation. 
Man has no plummet-line, in all his armory of science, where- 
with to sound them. Grant that in the manner now described, 
the human race originated, and became living creatures — destined, 
it may be, to nndeigo new changes and to ascend into new orders 
of being— the animal nature to be perfected in the progressiva 
modifications of his type. Bat the divine ethereal spark, as men 
vulgarly dream of themselves, what account is given of this? 
The soul, what? and whence derived? The thinking principle 
of mind, — where its plaee, and what provision made for its efRny, 
in the nebulous ether? The inference unquestionably is, that if 
such be its source, the human 0hdeebtandino must be of the 
essence of matter out of which it evolved, — glorious as the sun 
and iah as the moon, — ^but not the heavenly element, animate 
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with the immaterial, incorruptitilc being of Divinity. But this Is 
not the teaching of geology. Througli all the Ktory of its unde- 
fimable epochs, and in the myriad sarcophagi of its extinct gene- 
rations, there is no record, no trace of man. He stands, utterly 
and far apart, from every fossilized thing, while — 

" The most distaiit star's iiiTiBiMe bearo. 
Or comet on Ms farthest journeyinga, 
Or all the extent whicli pliilosophic ken 

o infinite space, tJte elastic soul 

and claims kindred with the image of the heavenly, whence it 
came, and whither it seeks and aspires to return. 

While, tlierefore, to wild speculations like these nature and 
geology give no countenance, but demonstrate the reverse to have 
been the course of creation in all the present, and in every past 
epoch, — that races, like individuals, have their terms of exist- 
ence, — ^that all die. out or are violently exterminated, — and that 
new families are created, adapted to the changes which have 
taken place, and organically distinct from all that preceded 
them, — ^there is, at the same time, a theory of progression and 
development distinctly traceable in. all the divine actings in this 
world. This view of things is in every stage of it visibly 
dependent upon His will, as it emanates directly from His appoint- 
ment, and stands in pleasing contrast to the rationalist phasis of 
creation. 

"Wisdom's artfnl aim 

Disposing every part, and gaining still 

By iiieaus proportioned, her benignant end." 
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CHAPTER III. 



AWAIiOGIGAL ORDER— Pfn^SIOAL AND MORAL— OF 
PROGRESSIOK. 



The author of the " Vestiges " deyofes two chapters to wliat 
he terms general and particular considerations respecting the ori- 
gin of the animated tribes. He regards it as a thing completely 
demonstrated, or as requiring so little proof as to be taken for 
granted, that the inorganic elements all took together by a proce^ 
of natural law, which Deity was not required to superintend, but 
simply to begin. He supposes, hypothetically, that tliis also 
would be the case witli the organic structures, tkat, in the originat- 
ing of the first tribes, God supplied the materials, and that na- 
tural law assimilated and fashioned them into their different orders 
and families. This might be predicated of the Creator, he fan- 
cies, as the mode in which he would act ; aad by removing him a 
step away from his own works, and allowing ali the subsequent 
genera and species of the epochs of geology to go out and to come 
in according to the same process, his special interference in such 
arrangements is rendered unnecessary ; and the greater honor 
is reflected upon operations in themselves so complicated and vast, 
and yet all so minutely, orderly, and prospectively ordained. 

"We need not employ more than a sentence in reply to this mode 
of reasoning. Hypothetically I would say, if God was to create 
a world at all, and to store it with living creatures, he would do 
all these things directly of Himself, He created every individual 
particle of the original matfer, m all their infinitesimally minute 
and myriad atoms. We do not know how, nor the manner thereof. 
But every one of them required his special interference singly, as 
in combination and a whole ; and had not Deity so specially acted 
with the parts as with the mass in -willing them into being, none 
(311) 
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of ihem, of any kind or quality, would have been m existence. — 
'Why not the same manner of creating as to the species, genera, 
and orders of the animated tiibes 2 These required not less His 
direct persona] interference than the elementary parlicles and min- 
ims out of which they were formed ; and superintendence in the 
one case is as dignified, if the term may be so applied, as in the 
other. Admit the omnipotence, omniscience, and omnipresence 
of Deity — and the author admits them all — and aay other mode 
of reasoning is wholly nugatory — as useless in science as it is 
inadmissible in fact — as inconsistent wifk the subtilties of the 
profoundest analysis as \yith tlie conclusions of tlic most confiding 
theology. 

But the creation of the world by God being admitted, it is no 
less true, and it is equally a necessary truth, that the arrangement 
and disposition of ifa parts, the order and succession of ita events, 
are each immediately an effect of tlie great Fii-st Cause. As no 
material substance could originate itself, so neither could it impart 
the principle of life, or construct the organization through which 
that principle is manifested and maintained in the exercise of its 
functions. Equally impossible is it for the course of events, the 
motion of the elements, the growth of plants and animals, and all 
those subtile processes in nature by which objects are produced 
and distinguished, each after their kind, to be the resTilts of 
chance, or of any inherent, underived properties existing in the 
things themselves. Whether God acts mediately by a course of 
nature originally established, or immediately and constantly, by the 
same divine agency which produced all things at first, and im- 
pressed upon each its peculiar properties, may be a question in 
philosophy, but none in theology. "We indeed may speculate re- 
specting the manner of the Divine acting, and may speak of tliat 
manner as the laws according to which the system of nature pro- 
ceeds ; but we cannot doubt the source whence the chain of events 
takes its rise, or wherefore it is that there are order and regularity 
in the arrangements of the universe. And while everything is of 
God, and the course of nature precisely such as He intends upon 
■whom the whole is dependent, it is interesting to find the closest 
analogy subsisting between the actings of the Divine Being m 
every department of his supreme and universal government. The 
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sclieme of revelation maiiifeste itself to be of God, not only by 
tlie peculiar testimony of prophesy and miracle to which it appeals, 
but by the resemblance which it bears, in the order and character 
of its dispensations, to the established constitution of ci-eation and 
providence; — so intiniafc and striking as, in fact, to leave no 
doubt, in every impartial nund that tiie author of the one must 
be the author ol both 

We have alieady stated that a progression is manifested in the 
Older and arrangement of the rocky masses which compose the 
earth's crast — in the nituieand qualities of its mineral contents — 
and in the vanoua revolutions which are indicated by the fossil or- 
ganic remains iliat lie entombed in the strata of the interior. Take 
the most useful of all the sections of the earth's cnist, namely, 
ivliat is denommated the carboniferous or coal formation, here we 
have a regular &eq«ence or series of beds resting one upon another, 
and all •■o disposed fiom tlie lowest to tlie highest, as to be most 
suitably adipted for reaching and bringing to the surface the 
inclosed tieasuie !fToi did nature all at once bring to maturity those 
prodigious misses of plants and vegetables of which this wonderful 
deposit IS composed. Her flora seems to have been upon a lim- 
ited scale at first, until the earth, being prepared for its accumula- 
tion and preservation, throws from its teeming bosom, with a pro- 
fuoion iinknowQ before or since the veo-etable matter out of which 
lisfrmdC d intldp ddlt f 
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as a suitable habitation. 

"When, again, we advert to the course of creation, ftere is a 
1 progression from the littie to the great, from tlve insigui- 
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ficant, if we may apply sucli a term comparatively to any of the 
works of God, to the noble and the grand. Each of tlie links 
that compose the mighty chain is perfect in its kind ; each serves 
to connect and illustrate the link that borders next to it ; each ia 
adapted to its place in the system, so that the lowest could not be 
exalted, nor could the highest be brought down, to answer the 
purposes of any inferior member of the series. A pebble has 
more attraction to the eye than any of the colorless particles which 
compose the soil ; but from the pebble the fruits of the earth can 
derive no nourishment. The lichen or the moss which adheres to 
the solid rock may be inferior in beauty and attraction to the lily 
of fJie valley, or the lofty cedars of Lebanon ; but the latter will 
not grow in the barren regions of the north, and without the 
foimer, hundreds of insect and animal tribes would perish Man 
constitutes the principal link in the chain of visible creation he 
is higher than the highest of the animal race ; and do not the 
superior endowments and blessings of man, however emment m 
themselves, a,ppear still more eminent and valuable by contiastmg 
them with the iaferior powers, the mder enjoyments the meinei 
and more sordid passions, of the lower creatuies' which ytt 
amply display the wisdom and goodness of then- Authoi both m 
their frame and state, in the relation which they have and the 
connection which they hold with the orders above and below them. 
Looking upward, again, what is man but a lower Imk of that 
chain of beings which, like its Author, reacheth through immen- 
sity ? Thousands, nay, millions of sph'itual orders may possibly 
fill up the chasm, if that be possible, between the human and 
Divine nature, and who, by the very contrast with man's estate, 
may have a juster knowledge and a more grateful relish of their 
own refined and spiritual natures. Take away, indeed, "the 
human face divine," and there would be one note of prmse less in 
the great temple of Jehovah ; but, while angels could not fulfill 
the purposes of man in the order of creation, the perfections of 
the Godhead ai-e infinitely more exalted by their activity in a 
purer sphere — their keener visions and jnster apprehensions — 
their unclouded faculties — and their sublime and lofty contempla- 
tions, all corresponding with the clearer manifestations of divine 
truth, light, and glory, vouchsafed to them. 
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Descend in ''hort as low or iif>e as high, as ive mav in the 
scale of bpiiig ne wiU still liud sometlimg iiiferir>i Bomethmg 
supenoi ind not moie remote tiom each other m the exireme 
points Are the minims of natnio intimated to us by the Biicio 
scope, and the maotiifiLent sjsteras aboi e which the telescope has 
discloijed to view than aje the woudeiful diffeienees and mfimte 
range subsisting among kving ciganized substances from the 
vegetable to the animal fiom the niit onal to the mtellectuil and 
from the inti-llectml to the spiiituaJ and diime But one cHss 
cannot complain of the supLnor idvanfages of the class dbove it 
The eonstitutiono of all are preiriaely adapted to their respective 
places m the s heme of thmgs and the desiies of aJl accordmg 
to tlieu yauous. capacities aie suitably giahficd Each la happy 
in its sphere and ^fill subsvLnient f*> the higher bappmess of 
others The garden is the in ect s piiadisp man is loid of the 
bi-ute creati jn angdsaie pniicipilifies and powers t* hen compared 
to the Imowledge find the happiness of man. "Consider," says 
the author of "Paradise Lost," 

" fhat great 

Oi' bright infeiB not exCcllenoe : the oarili 
Though, in compaiison of heaven, so small, 
Foe glistering, may of solid good contain 
More plenty than ths sun that bai'reii sliineB : 
TVlioBe yirtue on itself ■works no uffeot. 
But on iJie fmifful earth." 

When we turn to the dispensations of provideme, we find the 
same principle prevailing in the communication of all its gifts — 
f f thpm all whether evolved in the natural or mora] couree of 
e^ nta The many blessings which Uie mere diffusion of the solar 
i ivt impiits aie not obtained all at once; the early dawn, the 
moiidian plcndor the softening shades of twilight, are each ao- 

mpanjed with di&tmct and pecuhii enjoyments to man and 
beast Observe the course { f the scaf.ons : after winter come the 
j^entle zephyrs of spring the ^^low mg heat of summer, to be again 
succeeded by the nch though mildei beams of autumn. The 
■^vlA whi h IS deposited m the gionnd scarcely at first exhibits 
signs of life , but fiom that seed the green stalk gradually ascends. 
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the ear is formed, the corE. is produced in tlie ear, and man gatiers 
from it his daily bread, Behold the new-hom infant — the most 
helpless and imbecile of all nature's productions — what labor, 
watchfulness, and care, before he cornea to the maturity of man- 
hood ! how slowly do the powers of intellect expand ! what dili- 
gence requisite for the moral eultare of the heart ! how gradual 
and progressive the whole steps by which he has been trained for 
the business and enterprises of Ufe ! Look now into the crowded 
city, where thousands and tens of thousands of rational beings 
have passed, and are all passing', through a similar process of 
discipline; consider how many generations have passed away 
before it attmned to its present greatness ; its wealth, its buildings, 
its schools of instruction, its temples of solemn worship ; Its philo- 
sophers, poets, orators, and statesmen ; its laws, manners, sciences, 
and fine arts, are the accumulation, the wort, and the growth of 
centuries. It is the same with nations as with individuals, and 
with all nations and countries as with one ; the blessings of civili- 
zation are gradually diffused, sometimes retarded, and often 
buried for ages beneath the inroads of barbarism ; but again 
emerging in greater abundance, taking a firmer step, and advanc- 
ing onward and wider than before. And at last, from the favored 
position on which we have been placed, we see before us the 
certwn prospect, in the increased facilities and means of communi- 
cation which are now opened up, that they will be still more uni- 
versally imparted, until truth, righteousness, and peace, cover the 
face of the whole earth. 

Consider now, under the same progressive aspect, the scheme 
of revelation. Here we find the same analogy prevailing from the 
less to the greater, from the smallest tokens of the Divine favor, 
to the full and boundless manifestations of inexhaustible love and 
merey. 

From the fall to the i-estoration of man, the expressions of God's 
interest in our condition are limited and obscure ; hut the plan is 
defined and the means arranged in the only way that was proper 
to display his goodness and make us sensible of his mercies. The 
blessings conferred upon the people of God, before the law and 
under the law, were chiefly temporal. Hence the rites and cere- 
monies of their worship were purposely of such a nature, and so 
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miiltipliecl, as principally to operate throiig-li the mediwin of the 
souses. Hence tlie various symbols of tlie Divuie presence, whea 
God personally, as it were, descended among them, and ovet- 
aw^ed them by his visible glory. Hence the giving of the law 
amidst thunders, and lightnings, and shaltings of the mountains, 
when estemal nature under its most appalling aspects bore testi- 
mony to the severe justice of the Divine character, and seemed 
to intimate, in a way which even the moat hardened sinners would 
understand, how dreadful must be the jxidgments of their incensed 
and supreme Lawgiver. The Israelites were not sufficiently 
removed from their natural state to be as yet capable of a religion 
purely spiritual, like the Ohriatian ; and hence it was, that every 
later dispensation of God excelled the fonner, even as the trum- 
pet on Mount Sinai "waxed louder and louder," every succeeding 
blast transcending those that went before. The prophets rose 
above the ritual law, and showed men a more excellent way of 
worshiping God than by external performances, thereby preparing 
their minds for the reception of the Gospel. The tabernacle was 
no longer used after Solomon's temple was built, but was l^d 
aside, as the temple itself was "when the ftiliness of the time was 
come ;" and as the sanctuary and tabernacle preceded the temple, 
so the glory of the latter was to be greater tjian that of the fonner, 
by the appearance of Him who was greater than the temple, 
whose mission was distinguished by more numerous miracles, and 
by sublimer and more important truths than had been before 
manifested to the world. Behold a higher dispensation still, 
when, after the state of grace ends, the state of glory shaE com- 
mence ; where all knowledge shall be impai-ted and all truth 
unvmled, where imperfection and sin shall no more adhere to us, 
and where, aft«r the experience of miliious of ages spent in the 
enjoyment of heavenly happiness, we shall be still advancing in 
glory and felicity, and attaining to higher measures of the increas- 
ing strength and ever-growing splendor of the sons of God. 

These aaalogies may be extended. The wisdom and goodness 
of a God, for example, equally appear in the late and partial pro- 
mulgation of Christianity, which is sometimes considered an ob- 
jection against its truth, but which, in fact, is in perfect accord- 
ance with the same principle of progression which we have been 
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illustrating in the general economy and arrangements of all God's 



The gifts of nature aire not imparted universally, nor in the 
same measure to all. The discoveries of science are the result of 
long and pa,fient investigation. Herbs have been alloived to run 
■waste for ceEturies upon centuries, of which the medicinal virtues 
have only recently been discovered. Through how many ages 
had mankind been left in ignorance of the properties of the magnet, 
and the simple apparatus of the compass-bos, braving all the 
perils, and tossed about on the unknown wastes of the ocean ? 
How mucli did the progress of knowledge and education suffer, 
during the lapse of so many generations, for want of the printing- 
press? What oppressions and cruelties have been practiced upon 
ike different nations of the earth, through means of bad laws and 
bad government, of which even yet many are learning but the 
elements ? And how is it that of one and all these things — ^the 
truths of science, the art of healing, the principles of navigation, 
the discipline of wholesome instmotion, the enactment of good 
laws, and the various blessings of civilized life — more than two- 
thirds of tlie human race are in these latter ages still entirely des- 
titute? God governs both in the kingdom of nature and in the 
kingdom of grace, and any objection, therefore, against the truth 
of revelation that may be built upon these grounds, goes equally 
to dethrone the Almighty from any share of interest in the govern- 
ment of the universe. But the Gospel, in fact, would have been 
premature before the actual time of its appearance ; the history of 
providence in former ages could not have been appealed to, the 
sacrifice of tlie Redeemer had not been understood without the 
legal sacrifices preoedinj the prophesies would have been unful- 
filled, and the wojld would ha\e been unprepared for a wor- 
ship so pure and spiritual a moiahty so seaichmg and uncom- 
promising, and a faith so lofty and exilted had there not been 
much previous traming and discipline thiough the instrumentality 
of patriarchs, prophets and legislatois One of the most striking 
proofs, in short, of the Divme wisdom in the dispensation of grace, 
is its harmoniaing so exactly with the estabhsbed course of nature. 
This is manifested more especially in the manner ui which the 
heavenly blessings with which it is fraught have been communi- 
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cated— slowly, gradually, and partially at first, more fully and 
generally diffused as men were prepared to receive them, and, 
when "the fullness of tte time" had arrived, imparted freely and 
in the richest abundance unto all ; light after light, truth after 
truth, and mercy upon mercy, all in such order of succession, that 
the former illustrate and recommend the latter, while tte last are 
only a preparation for future and still greater mercies. 

And so it has been with the whole Course of Creation — the suc- 
cession of strata, of animal and vegetable tribes, and with man 
and tlie adaptive provision for his higher destiny. This is a 
doctrine of development and of progression, widely different from 
that of the "Vestiges," more in unison with the Creator's wisdom 
and the Creator's care ; — a speculation worthy of a separate 
treatise, namely, the progress and development of man's intelli- 
gent, moral, and spiritual being as indicated in the coukse op 

BETBLAIIOH. 
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CHAPTER IV. 
CAUSES OF EXTINCTION OP ORGANIC LIFE. 



When the palffioiitologist has completely establisJied hie posi- 
tion, that all the organie phenomena of primeval times have re- 
sulted from tlie impress of original atructtu-e, in opposition to the 
tteory of progressive developinent and transmutation of species ; 
and Tvhen he can traoe, also, corresponding changes m the mineral 
formations in which the fossil remains are imbedded, the impor- 
tant inquiry has still to be made into the causes of the extinction 
of so many ra*es of the animaj and vegetable kingdoms. Intro- 
duced successively upon the surface of the earth, was there always 
a physical and necesaaiy relation betwixt the livmg tribes and tbe 
varying conditions of the surrounding media in which their tot 
was cast? And do the differencei m tlie one taplam the t,hanges 
in the organie functions of the other' 

When we look back to the earliest of the tossditeious locks we 
can discover something in the natun, of then matemls themselves 
■which would cause the destruction ff then oij^anii tubes The 
Silurian strata have been violently di&tuibed send muub molten 
matter, during the period of their dep isition mjected amoiif, them 
and by causes such as these, life ■wcuJd suffer oieatiy *ind whole 
races be suddenly destroyed. E-*en the stron^, incised ginoids 
and placoids of the Devonian penod could not alwtys be able to 
subsist and hear up against the spasmodic thioes that produced 
the conglomerates. Animals preyed likewise upon each otlier 
and by this means kept up then, as now the geneial a,\ erage and 
balance of life. But iu none of these modes can mytbang lilo a 
LAW be inferred, any stated provision be detected for the outgo 
ing and the incoming of the different geneia and species which 
successively peopled the globe. The iolK lifiei is the O! in 
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isms differ, &^ to age, from each otJier : but the series of changes 
traced in the one class of phenomenaj furnish only a few data by 
which to detormine as to the alterations that wowld be produced 
in the class cotemporaneous. 

No land animals have been found in any of the formations 
beneath the new red sandstone. No quadrupeds existed before 
the tertiary age. And the monster lizards which so exuberantly 
sprang into existence during the middle secondary epoch, liad all 
disappeared ivhen these terrestrials occupied the stage. Wisdom 
we can trace in all the arrangements ; care and goodness ai'e every- 
where apparent. The seas swarmed with marine animals, wtile 
the terrestrials could scarcely have auhsisted on an upheaving 
earth and new foiTtiing land. Quadrupeds roamed not over fields 
so diversified by the lakes and slimy lagoons in which the Sau- 
rians found their convenient habitation. And beyond the simple 
fact, that Divine will so ordfdned that such things should be, both 
in the animal and mineral changes in the history of our planet, 
we have only a ray of light to guide us in interpreting the revo- 
lutions and destructions which are therein so indelibly recorded. 

The mollusca and shell families appear and depart along with 

the calcareous deposits wliich inclose their remains ; but we know 

as much of the source of the one as of the range and hmit of, or 

tlie causes whicli destroyed, the other. Orthocerte and nautili 

liave survived all changes, and have mmntained in the types by 

which they are represented their old instincts and predaceous 

propensities. The holoptychii and dipteri perished, just as the 

materials of the new rod sandstone were bemg deposited, and 

whose identity, in all essential mineral qualities, differs in nothing 

from the old red m which they are entombed The flora of the 
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year by year, greatly modified. During the last century, the 
introduction, into Geimany of some aew species of insects, and 
their multiplication, utterly destroyed forests of vast extent; and 
every year, in some quarter of tlie globe, we hear of equally 
mighty catastrophes produced by equally minute insidious causes. 

The organic things of earth, it would thus appear, have their 
terms of existence of longer and shorter duration, and the race 
at last dies out equally with the individual which compose it. 
No better reason for this can be assigned, than that such is, and 
has always been, the course of nature. Particular families of 
plants and animals are cotemporaneous with particular groups 
of rocks : with these they are observed for the first time ; at the 
close of the deposit, all farther traces of their remains are lost; 
and, in so far, there i<> ground for arguing that the same generil 
causes were concerned in effecting the successive chinges oiganic 
as nell as moiginic, of the periods and formations m question 
What these causes were, it may never be permitted to science 
fully to determme It was indeed, the opinion of Cuvipi that m 
the mammoth epoch a change of climate effected the destruction 
ot this giant tamily of pachyderms. This change ot climate has 
been aecounted for by Murchison and others, especially in Siberia, 
where so many remains are found, by an elevation of the eoimtry 
to the height of one or two hiindred feet above its former level. 
And doubtless, by such a change, animal as well as vegetable life 
must, in many specific foi-ms, have been greatly affected. 

There can be little doubt, however, of the most perfect adap- 
tive arrangements prevailing through all tlie geological epochs, 
some of which have been plausibly conjectured. As reptiles, for 
instance, differ from birds and mammals, in having a lower and 
simpler structure of the lungs and heart, and therefore a less 
active performance of the respiratory functions, they become less 
dependent on the atmosphere or oxygen for existence. " Hence," 
says Professor Owen, " from their extraordinary prevalence in the 
secondary periods, under varied modifications of size and struc- 
ture, aeveraOy adapting them to the performance of those tasis in 
the economy of organic nature which are now assigned to the 
warm-blooded and quick-breathing classes, the physiologist is led 
to conjecture that the atmosphere had not undergone those 
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clianges, which the consolidafioa and concentration of certain of 
its elements in suhsequent additions to the earth's crust may 
have occasioned during the long lapse of ages during which the 
extiiicfiou of so large a proportion of the reptiUan class took place. 
And if the chemist, by wide and extended views of his science in 
relation to geology, and mineralogy, should demonstrate, as tie 
botanist from considerations of the peculiar features of the extinct 
flora has been led l« sii spec t, that the atmosphere of this giohe 
formerly contwned more caibon and less oxygen than at present, 
then the anafomist might, di>non, have concluded that the highest 
classes of animils suitpd to the respiration of such a medium must 
liaM, been the coldblooded fishes and reptdp^ And beside the 
pzobability of such a condition of the zoological aenes being con 
nccted with the cliemical modifications ot the air the terrestrial 
Kptdes from the mferioi enerjity of then muscular contractions 
and still more from tke greater irritability of tho libers md 
power of contmuing their actijns would constitute the highest 
organized species be^t adipted to exist undei greater atmo 
s] hcTii, pressuic than opeiates on the surface of tie earth at tlie 
picient time 

B^ paut) uf iHisomn^ it ni't'^ be mfeired that a? great 
cl ^nges ivuuld be efteeted m the waters of the ^lobe as m tha 
constituents of the atmospheie and while thus preparing foi 
the intioduction of new famdies cf animals the destruction of 
^lleady existing tribes may be as conclusively imagmed The 
laiiuus taloaieous deposits m the mountain limestone magnesian, 
oolite, and chalk periods, would imply verj different qualities m ' 
the condition of the ocean ; an infusion ur abstiaction of mgre 
dients as favorable to the existence of ont, kind of animal life as 
they would be deatruciive of another. A pencd of great plutonic 
action too when vast masses of melted raatfei chiiged with 
metallic and other substances, were pouied o^ei the bed of the 
bi a lould nit fail to have eonaderable influence upon many of 
tl L inhabitants of the deep ; and while providence was making 
aiioEgements for an increase, or diversity, or for higher types of 
animil life the existence of other forms and classes was ordained 
to tcrmmat* 

The mtioduction of new and higher races upon the earth has 
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thus been accouatec! for, " Throagli such a medima as t]ie mr," 
says tie authority quoted above, " approaching ia a correspond- 
ing degree to the physical properties of water, a cold-blooded 
animal might even rise above the surffwe, aad wing ite heavy 
flight, since this would demand less energetic muscular actions 
than are now requisite for such a kind of locomotion ; and thus we 
may conceive why the atmospliere of our planet, during the earlier 
oolite periods, may have beeu traversed by creatures of no higher 
organization than saurians. If we may presume to conjecture 
that atmospheric pressure has been diminished, by a 
the composition, as well as by a diminution of the g 
the air, the beautifnl adaptation of the structure of birds t« a 
medium thus rendered boili lighter and more invigorating, by 
the abstraction of carbon and an increase of oxygen, must bo 
appreciable by every physiolo^at. And it is not without interest 
to obsei-ve, that the period when such change would be thus indi- 
cated by the first appearance of birds in the Wealdon strata is 
likewise characterized bj th | 1 f tl d p 

tiles, which in structure m t ly PP 1 1° m™ 1 d 

which in all probahiUty f m th P d '^ ^ 

diles in the 'anatomy of ih th J ) d It 

complete as that of the d 1 wh b Ihm f ly d y 

Again, it is conjectur d — Tl first md t f t! w m 

blooded classes would app f mt d d to th pt 1 
under the form of such s 11 t m mm 1 k wn 

at the present day to hav 1 mtfptthth 

rest of the class ; and tl ltd dm t m m 

malia, — as, for example, th th Sto esh Id 1 — t 

ally the jaws of such sp es w th h h b 1 tl bar 

aoters of that order, Maisup h wl t if, m t ly 1 ted t 

the oviparous vertebrata 

It has been seen that 1^ d aq t h m 

deled, from time to tim ti pi y al raphy f tl gl b 

Can it admit of a doubt that chan^^es m the physical structuie of 
the eaitii's surface will be accompanied with other changes in the 
organic productions of extensive areas ? Species, it is well known, 
both of plants and animals, are limited to particulai- locaJities of 
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variable, and often of no great, extent. If marine, an alteration in. 
the sea bottom will prove fatal to many. If terreBtrial, an increase 
of altitude, the conversion of dry land into marshes and laies, or 
of laies and mai-shes into meadow and arid loamy soil, will com- 
pletely alter the flora and fauna of the district in question. Look 
into any estuary or rocky pool along the shore of the ocean, 
swarming with testaeea, and Crustacea ; every bowlder incnisted 
with corallines ; the rocks carpeted all over vnth fuci, wa-ving with 
every ripple their long graceful branches, or smoothing and polish- 
ing their sides in tlie violent currents ; creeping things, too, innu- 
merable shy stealthy creatures, darting amid the shingle, or 
burrowing in tbe sajids ; and the finny tribes, of all forms, glanc- 
ing and sparkling like living gems in the dark green thickets. 
Ttis is one description only of fens of thousands of such pteno- 
meua around the islands of Great Britain. An elevation of a few 
feet, and what myriads of animals, whose only habitat are these 
ocean caves, would perish, and then- races be forever blotted fiom 
the things tliat were ! These shores have witnessed many such 
upheavals. Wot a plain, hill, or rock, in the whole continent of 
Europe, but once formed the bed of the sea. Even noiv, what a 
vast influence does mil nl g al t-u ture alone exercise over the 
economy of life, both a tu the number of individuals and the 
character of species f equ ntng paatcular localities. Trees as 
well as plants have an adaptat n t tain kinds of soil, and once 

firmly rooted, birds, ins t and eep ng things, will also resort 
thither in quest of slidfei oi of food. Aquatic fowl, the waders 
and swimmers of our sea-shores, have their favorite haunt among 
tho breakers or calm bays, whose submarine rocks funiish pastu- 
rage and shelter to molluscs, crustaceans, and fishes ; while, 
ag^n, over the marshy, the ooay, the sandy, the gravelly, or the 
rocky beach, other families, both terrestrial aud marine, maintain 
their respective ascendency. 

M. Agassiz is just now pursuing his favorite researches in ex- 
ploring the lakes and rivers of America, where he has already 
detected many things new and old to enligliten the western savans 
in the boundless riches of their mighty dominions. He has suc- 
ceeded in capturing, on Lake Superior, species of fishes hitherto 
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unnamed. He has likewise been able to dredge up from the same 
deep waters, specimens of the garpike (Zepidosieus), whose repre- 
sentatiTes have been found in the oldest paheozoic deposits, and in 
the deposits of all succeeding times. Suppose these lakes to be 
suddenly drained of their waters — and which, according to the 
clironometrical details of Niagara, must one day come to pass — 
scd many species of animals and plants would cease to exist, not 
merely by the violence of the action, but by flie simple alteration 
of the aqueous character of the districts. Many animals, indeed, 
will be able to escape, and to betake themselyes to other localities 
amidst slow or even rapid superficial changes. The camels and 
antelopes of the desert may sink under the sirocco and be buried 
iu the sand ; but, iu other cirourostances, they will be able to bear 
up and carry themselves to ferlile lauds, as the steady, irresisfible 
march of the sand-flood invades their former pastures. The Sa- 
hara of Africa has been gradually extending and widening in its 
desolating stenhty, until it now covere a region of about 582,000 
square miles ; how many, in consequence, of the vegetable and 
animal races, have thus been deprived of their appropriate nutri- 
ment, and become extinct? How many examples of simDar de- 
vastations, but upon a far greater scale, does almost eveiy one of 
the geological epochs furnish ? The central region of France 
aboimded with lakes, attracting to their arborescent banks the 
huge pachyderms of the tertiary age, when the Auvergne cones 
blazed out, pouring floods of lava over lake, marsh, and plain ; 
and thus obliterating and silting up entire races, the great and the 
small, terrestrial and lacustrine, and now constituting the pictorial 
■wonders of the age that produced, and the convulsions that de- 
stroyed them. 

There is reason to believe that species in the ancient world were 
possessed of a wider geographical range than m after periods. 
But the causes of extirpation were also of wider operation. The 
old formations are all greater than the ne di g xtent as 

they descend in time. And if we are t d It tions of 

climate, changes in the constituents of the ti ph bsidence 

of land and elevation of sea-bottom, intr f g rocks, 

the escape and circulation of noxious gat, u nat among 
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the causes wliict have led to the extinction of tlie successive 
organic trihes in the sCTcral geological epochs, so do we find the 
t^eds approximating to a scale of corresponding magnitude. But 
the real terms and boundaries of all are in the liands of Him who 
made them. We see hut a part, and know only in part, of the 
secondaiy means of destruction. 
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CHAPTER V. 

TIME, AFD THE GEOLOGICAL EPOCHS. 



The speculations of geology respecting the airangement aad 
position of tte mineral masses of tte earth are matters of direct 
observation, falling immediately under the cognizance of the 
senses, and whose verifications are both numerous and conclusfve. 
Bnt a question thereupon arises which is not so easily dealt wifJi, 
namely, as to the periods of time that have elapsed during the 
various successive epochs or formations described. Looldng at 
the current operations of the laws of nature, and supposing their 
uniformity in past ages, a scale of iucremeat is Imd down for tlie 
several deposits of which flie earth's crust is composed. An ap- 
proximation is made as to the number of years reqiiired for each, 
and the result is, that the geological estimate embraces an incon- 
ceivably lengthened and bewildering series. The calculation pro- 
ceeds not by hundreds, or thousands, but by millions of the terms 
of our numerical notation ; and, as the fossiliferous strata alone 
are reckoned at about seven or eight miles in thickness, the time 
that has elapsed since the first appearance of life upon the planet, 
has also been made a matter of measurement. Accuracy as to 
any precise definite amount, is not, indeed, pretended ; hut no esti- 
mate, it ia smd, made upon purely geological data, ftdls short of 
vast enormous periods, wliich will ouly bear to be compared with 
the cycles of astronomical phenomena, and not with the brief fleet- 
ing days of man's existence. 

What account, then, is to be made of this reckoning according to 
the popular opinions respecting the origin of tlie world ? Will it be 
accepted by the Christian, who confides in the Mosaic chronology 
of the work of creation ? What is that chronology ? Can the geo- 
logical and the sacred be compared or reconciled with one another? 
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I. There is (jup important dedwctioa to be establiated from 
tliese iiH e^tigationa which meete lis at the threshold of the inquiry, 
namely, that geology clearly and distinctly shows there is a 
BEoiNBiHa to the coajse of creation as respects the cnist of the earth 
and its organic forms of life The stratified rocks all manifest suc- 
cession in tlieir order of deposition, and, therefore, also succession 
in time. Some iie prior to and older in formation than others ; 
and all of every diss and quality, demonstrate principles of ar- 
rangement in conformity with Uw and design. We never, for 
example, get baut to a peiiod, however deep we go into the inte- 
rior, in whicii we tnd the matter of the earth assuming, as it were, 
different modes of existence, or arranging itself according to affin- 
ities of which we have no experience. Over every material sub- 
stance, the rocks of the oldest as of the newest formation, the 
same physical forces are seen to be operative. The granites, with 
ail the molten amoiphous masses of every age, are composed of 
ingredients brought together and aggregated in proportional quan- 
tities, and according to definite principles of attraction. Bat 
throughout the whole series and succession of deposits, we never 
come to a point at which matter has been formless, or free from 
tlie operation of law, endlessly quiescent, or when no controlling 
designing hand was rendering it plastic and obedient to its wUl. — 
As with tte arrangements of matter, therefore, so likewise with 
its origin. We revert in both cases to a necessarily prior cause. 
And geology, vast and inconceivably great as may be its cycles, 
proclaims over all its past antecedents and depths of accumula- 
tion, tliat TIME, not eternity, is indelibly recorded. 

This tiTith is rendered still more apparent and intelligible, when 
we consider the various families of plants and animals of which 
the earth has been the tiieater. These organic structures at once 
speak to the mind of creative interference. No principle tliat we 
inow of inherent in nature could, of itself, originate tiiese forms. 
The first thing of life indicates an intelligent Creator. But epoch 
after epoch passes away, and along with them their living tribes 
generally perish. Succeeding races, of different characters and 
habits, are called into existence. The earth is agam peopled — 
again to be swept of all its garniture — the land and ocean to 
change places — creatures of another mold, suited to both, aijain 
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to be brougiit into existence. These phenomena all speal:, not 
only of a beginniug, of successive periods of time, but also of 
direct superintendence over the course of events from age to 
age. 

It is tLe same Trith the formations themselves in which the 
organic things are imbedded. The course of creation progresses, 
but always under such breaks and renewals as clearly to manifest, 
that the same pow wb 1 w teh th g m P t 
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famibes. even as pJaiits and animals are ; and over th to ur 
face of the globe, they display in their various suites 1 b 
and diversities as demonstrate an interfering hand a d 
tive energy. Indeed, there is, it may be avowed, a much greater 
diversity of type in the mineral groups tliemselves than in their 
organisms, the living genera and species of one formation differ- 
ing, often, less from each other than do the rooky matrices in 
which their remains are imbedded. 



II. But, in estimating tJi^ time that elapsed during the forma- 
tion of the various sedimentary strata, are geologists warranted in 
assuming such principles of calculation as have been, adopted ? — 
There are two aspects under wbicb the subject may be approach- 
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ed — the one, as resptcts the tuimative pucesa of rocks — the 
other, the piohihip duiifaoa of hfe m the different epo(,he or 
rather, as comupcted with the formations -which indicate tlie 
epochs, 

J. Ow T.iiE FoiiMATivi! Phocbss. How loug the earth existed 
before heing brought into a habitable condition for either vegetable 
or animal bodies, geology has no memia of determining. The 
primary crystalliiie beds are the oldest rocks of which we have 
any knowledge ; we can penetrate at least to no antecedent matter, 
bearing the record of its own age, out of which these rocks were 
produced. We are warranted, therefore, in accounting for their 
origin, to remount at once to the initial creative act which called 
them into being, and the prasnmption is, that no great length of 
time was occupied in this arrangement. The Divine will com- 
manded, every particle obeyed, and all took their places. The 
eruptive rocks are of comparatively suddea growth : they are not 
the result of a gradual deposition, but of igneous fiision in the 
interior of the eaith, and elevated to the surface through the ope- 
ration of forces of rapid activity. How long our planet was in 
thus assuming form, and the dry land appearing, yre have no cer- 
tain means of judging, ercept by looking to the end of its creation, 
and assuraing that the " void " was not permitted indeiinitely to 
continue. The occupancy of life at once exalts the work and 
illusti-ates its purpose. 

The fossiliferous strata were formed in diff'erent circumstances 
and under different conditions, when the course of nature, if wo 
may so speak, was fully estabhshed, and the ti-ain of events under 
the operation of physical law commenced its onward march. The 
oldest of the fossiliferous deposits is the Silurian. It hkewise 
constitutes one of the greatest depth, as well as of extent, on the 
surface of the globe. The position, generally, of the silurian 
beds, is along the line of the great' mormtain- chains, except ia 
Russia, where they spread over the interior, and tliiu out into 
smaller dimensions, and where, from the absence of Uie intrusive 
rocks, they are only semi -indurated. This system of rocks 
was, therefore, formed in circumstances the most favorable for 
rapid accumulation, amidst such primal operations of nature as 
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have never been repeated upon the same scale of magnitude. The 
first shaping-out, if we may so speak, of the earth's surface, in the 
elevation of its raountain-rangea and corresponding depressions 
of the sea-botfom, hears all the raaiis of a single cotemporaneous 
act, not completed in a moment of time indeed, but continued 
through a period of unparalleled spasmodic agency. Every re^on 
shared in the convulave movements, and the whole earth, in one 
and the same age, was begirt with mountains. These violent 
throes were accompanied everywhere with violent action upon 
the already consolidated masses. Disintegration would keep pace 
upon them with the rate of uprise. And as tlie bare jagged 
1-ocks unprotected with herbage, friable and just rending from 
the fire, were lifted suddenly above the waters, the waters in turn 
would dash violently upon their sides and broken seiTated crests, 
and so become as rapidly filled again with all the ivaste and spoils 
of the period. The changes now going on, and the rate of incre- 
ment of the land above aea-level, tlie occasional appearance 
and disappearance of an island, the slow but constant action of the 
waves upon the coast, and the detrital matter borne down by the 
rivers, can be no measure of the effects of forces and agencies 
such as were tlien in operation. The Mississippi, within a quarter 
of a century, it has been ascertained, brings down little more than 
a half of its former spoils. The organic remains, accordingly, 
which have survived the silurian period, belong chiefly to the 
molluscous classes, and thin filmy fucoid vegetables ; the struc- 
tures, in short, which were best calculated to live during the 
period in question, and to remain imdestroyed throughout its agi- 
tations. 

The old red sandstone series is likewise of vast extent, both in 
depth and superficial area. The scale of its mass corresponds 
with the scale of the forces which produced it — the magnificent 
operations amidst which it was accumulated. This was a period 
of great and frequent trappean eruption. Hence the conglomer- 
ate red offers a splendid specimen of rapid formation. This mem- 
ber of the devonian suite consists of lai'ge masses of gneiss, quartz, 
mica-slate, and hornblende rock, cemented in a paste of silicious 
sand, probably the debris of dissolved granite. The included 
portions bear all the marks of attrition, of violent t<Ksing about in 



Host.d./Gciogic 



TIME, AND TUB QBOLOeHGAL EPOCHS. 333 

a troubled sea. Esfimate the thickness of the whole deposit at 
its maximum of nearly ten thoiisand feet — consider what vast 
agencies were still at work, in tearing up and cari-ying off the 
spoils of the mountains — probably with but little pause or inter- 
mission in tlie violence of the action — and thus, not so much in 
the light of remote antecedents as of comparatively associated 
foimations, will we be warranted in regarding these early courses 
ill the work of creation. The fishes of the period all speak of ita 
spasmodic character, m^led, plated, and completely inclosed in 
BtroKg horny inffiguments ; tteir heads, some of them, of entire 
uncovered bone, and their caudal fins propelling with the whole 
force of the vertebral column, — oondidons of structure which ^ve 
indications of the stormy seas whose waves they had to buffet, 
and of the conserving properties by which their forms aad out- 
lines have been transmitted to us so wonderfully entire. 

The carboniferous class of rocks have all ti.e marks of a very 
peculiar formation, constructed for a special purpose, and ekbora- 
ted amidst an extraordinary state of tilings. Here we meet with 
vast accumulations of vegetable, calcareous, and metallic sub- 
stances, for which we detect no anterior preparations. The com- 
ing on and the outgoing of the whole coal series are as distinct as 
they are surprising. To what are we to compare them ? By what 
scale of time are we to adjust the terms of their growtii ? Pro- 
ceeding upon tiie existing laws of nature, calculations have been 
made as to the rate of increase, for a year, of pure vegetable 
matter, over a given area. The Ganges, Nile, Amazon, Missis- 
sippi, La Plata, and the other mighty rivers of the earth, have 
been appealed to as to the quantities with which they are annually 
charged. The forests, with their load of every revolving season, 
have been weighed, when their decadence of leaves, fruits, 
branches, and all the gatherings from the flood and storm have 
been duly taken info account. The result is, aeeording to this 
method of solving the problem, that about six hundred thousand 
years were occupied in the production of the whole coal series. — 
It must be admitted, in any attempt to reduce this number, that 
tlie violent forces of the antecedent periods cannot be admitted as 
data of circulatiott ; throughout the whole of the carboniferous 
era, a state of repose seems to have universally prevailed. But 
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tiien ail the living productive powers of nature were just as vio- 
lently in operation as the otiiers were qiiiesccnt, and the result in 
the one case bears a proportion to the result in the otJier. If in- 
organic matter was rapidly collected by the action of violent 
causes, so under an extraordinary state of diings, of climate, 
moisture, atmosphere, and other physical arrangements, organized 
bodies, vegetable and animal, would multiply as rapidly. A con- 
dition of nature that produced uniformity of vegetation over the 
entire surface of the globe, as the coal dept^it everywhere mani- 
fests, and all of gigantic dimensions in every family of plants, is 
not merely to be denominated fi-opica^, and its results calculated 
by a scfJe of existing Tveights and measures. In many places of 
the earth, even now, several harvests are reaped within the year. 
Who can set bounds to their number, or guess the prodigious 
increase, when the whole earth was covered with a flora, not only 
of unrivaled exuberance, but of uniform distribution nearly oa 
every part of ita surface ? But a test of indisputable value, for 
ascertaining the rate of increase in the sandstones and shales em- 
braced within the coal-measures, occurs in the case of those fossil 
trees which are so frequently found in an upright position, or but 
little inclined to the plane of stratification. These are numerous 
in every coal-field, and are often traced through several layers or 
beds of rock. The fossil trees of Craigleith and Granton were 
about iifty feet in length, and lying at an angle of scarcely twenty 
degrees to the sti-ata in which they were imbedded. Their pas- 
sago tlirough the solid rock, therefore, cannot be estimated at less 
than fifteen to twenty feet, that is, a mass of sandstone of corre- 
sponding depth must have been formed, during the comparatively 
short period that trees of lofty stature were able to resist the 
destroying action of the elements, to say nothing of the chances 
of currents, hurricanes, and other agents breaking them in pieces. 
This imtamia cruAs may be extended to every sandstone bed of 
the formation, and thus serve to exercise a salutary restraint upon 
the mind in its imaginary conceptions of the enormous periods of 
time required for the accumulation of the whole seiies. 

The carboniferous epoch was immediately succeeded by a 
period of great violence and of vast disturbance in the solid 
crust of the earth. Hence the broken inclined position of the 
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toil strata and llie mjeclion of so much igneous jnatter, forming 
Iten iidges anl h lis of considerable elevation. The new red 
sind&tjnt! till, oieilymg deposits, would share in all the activity 
f f the time A celerity of increase, on a scale of more rapid ac- 
cuinuUtion than exi'.fiiig causes could produce, must consequently 
l=tLl to be admitted to the rocks of this family : so much, indeed, 
\^ !.<. the plutonic agency then in force, thaj the rock-salt and gyp- 
seous beds are ascribed to its influence. From this period down- 
ward, the formations are all of more contracted dimensions, the 
basins naraowing in superficial area to the upper terljaries, which 
partake of the character of local rather than of universal deposita ; 
while the evidences here are innumerable that, until the globe set- 
tJed into its present form, and assumed its present aiTangement 
of seas, continents, and mountains, the land and water were con- 
tinually changing places, the crust and framework subject to con- 
stant upheaval. The Cordilleras and Himalaya constituted, in 
tliose d'ijs, the bed of the ocean What law of nature was not 
in violent activity ere they attained theix sublime altitudes ' How 
many rivers changed then coursea ' how many mountains weie 
washed to then summits ' how many hiOs melted like wax it the 
voice of their Creatoi, amidst convulsions which swept the earth 
so repeatedlyof its h^ing tnbes, and biied as often the bosom 
of the gieat deep ' 

We haie not, m this enumeiation of the miner-U stiita of the 
earth'b cni^, as yet '.puken <jf any ot the cakareous depoE,its 
They aie very numerous a^me of them ot prodigious thickness, 
and belong to the foimations of every epoch Theie is not one, 
but many, aJtemations of limestone connected mth e^ery such 
formation. Whencethe soutceot all this mateiial? Theprimary 
beds are not in sufficient mass to have furnished supplies for every 
succeeding age. The mountain limestone alone, of the middle 
secondary epoch, contains more calcareous matter than is to be 
found ju the three antecedent periods. The Mas, oolites, and 
chalks are likewise of vast thickness. The beds of the tertiary 
group are less considerable ; but in the gypseous marls, and nu- 
merous alternating bands throughout the clays and sands of the 
formation, there is the clearest evidence that the stores of nature 
were sinll abundant. Nor are they yet exhausted. What sup- 
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plies in evei7 river, sea, and ocean of tke world ! Wliat count- 
less myriads of litin^ animals are now employed in elaljorafing 
the mater tJ ' 4.nd ivlien we again inqiiire, whence is it all ? the 
answer is that thionghout all time, a wise and bomitiful Provi- 
dence has thereby piovided the pabulum for its BUCcessiTe crea- 
tions of oigamzeiJ bodies — the law of tlieir nature is to pile up 
rocks — smd m all the monuments of the past, we discern the style 
and architecture of the builders of the present. Look, then, to 
your still active, living, working chronometer. With what incredi- 
ble swiftness do these minute creatures ply their labors ! how many 
fathoms of coral reef will they rear in a season ! Wlien the hap- 
less mariner returns, after a brief short intei-val, what hazards to 
run from structures which now for the first time appall him with 
theii' formidable barriers ! Millions of years ! Wot even thou- 
sands are needed to construct islands, and to pillar the floor of the 
ocean, over vast expanded ai'eas, with broad, massive, indurated 
rocU.* 

The geologist will tell us not to look at one but at the various 
families, of all kinds and of all habits, which his science has 
brought to light, and so many of whose remains he has disinterred 
from the earth. Eveiy formation abounds with them. They 
flourished through every epoch. The epochs are many. The tribes 
which existed and perished in them are many. To allow time for 
the coming in and the going out, and the fulfillment of their vari- 
ous destinies, what an untold, incalculable amount of ages must 

* " Thei-e is nodoubt that coral, under farorable conditions of gi'owth, iii- 
crenBes to au enormous extent, and veiy rapidly : and although there are 
many instances on record of reefs which have not increased for many yeais, 
there are othei's telling a very different tale. The ease of Matilda Atoll, 
desciibsd by Captain Beechy, is quoted as an eKampla of this latter kind, 
this at«ll having been converted in tkirly-fouT years from being a reef ot 
rocks into a lagoon idsaid, fourteen miles in length, with one of its sides 
covered nearly flU the way with high trees. Some experiments were also 
mentioned, in which it has been attempted to measm'e the rate of inci'ease 
of differant kinds of corals, and as one result of these, is an instance of a 
growth of two feet fliiek of coral, accumulated on the copper bottom of a 
vessel in the course of twenty montlis." — Geology of the Voyage of ihe Beagle, 
by CharUs Darain. 
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Iiavii elapsed ! Now, give the millions of years supposed, aad 
the wonder some may not hesitate to confess is, that there are 
so few, and not so many, of the former creatures of the eaxth 
whicli have I'e-appeared in our geological catalogues. The fossil 
regions of Great Britahi, an epitome of the world, have heen well 
explored, and the statement of fact stands nearly as follows : — 
Leaving out of consideration all the shelly and lime-building tribes, 
the numbers of the other families of animals hitherto found and 
described are, in the various groups of the silurian, system, eight 
genera of only one order of fishes ; in the deyonian, of two orders, 
there are under forty genera, and not many more species of fishes , 
in the carboniferous, of three orders, there ai'C about fifty genera, 

and a hundred apeciea of fialies ; in the permian and triassio, of 

three orders, there are twenty genera, and fifty species of fishts 
and reptiles ; in the oolitic, of four orders, there are sixty genera, 
and two hundred and twenty species of fishes, reptiles, and mam- 
mals ; in the wealden, there ai-e, of three orders, twenty-five 
^eneia and thnty eight species ot fi-bes and leptdes m the ere 
txcHOUs of SIX orders thtrt, aie fifty genera and eighty species 
ifhbbes reptiles and buds in the teititne-! of seven orders the 
gonerd aie about one bundled and hfty and two hundred and 
tiventy 'Jpecies ot fisbei leptdes birds and mammals thus 
making in all about four hundied genera tnd seien bundled 
species of the larger families of hvmg creatures during the whole 
currency of the geological epjche The current epoch contains 
e\i,lusive of mi(,ioseopic oiganisms nearly two nulhons ot species 
of \ e^et^ble tud inimal bodies existing on the terraqueous globe 
and ot which tliere ire ibout tight thousand species of fish alone 
existmg in our piesent sets 

When we take, instead of Great Britain, the whole explored 
geological field of the world, the result, so far as the argument is 
conceiTied, ivill be strengthened, not weakened. The formations 
of other lands are simply, with slight variations, a repetition of 
our ovra. The same genera of animals are everywhere prevalent 
The specific types aie likewise in many instances identical. The 
siluriau organisms of Russia are so like those in our own island, 
that "no English geolo^st," says Murchison, "acquainted with 
the organic contents of tlie Wenlock limestone, can view the Caly- 
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mena Bhimeiibachii, 0. niacropliihalma, C. variolaria, and other 
Trilobites associated with the Leptrena depressa, L. euglypha, 
Terebratitla reticularis, and many corals most familiar to hira, 
witliout at once recognizing in the upper strata the distinct repre- 
sentative of that British formation." Yarious other fossiliferoua 
ideaiities are farther alluded to, when it is added — "In taking 
leave of Scandinavia, we must specially advert to the close rela- 
tions which exist between its lower and upper sOuriaii groupa, and 
those of Great Britain and distant parts of the world. Of 133 
sihiriaa fossils which we broiight back or noted on the spot, at 
least eighty -four are British, and from twenty-five to twenty -seven 
are North American species. In this comparison the identity of 
the upper silvLnan gi-oaps of tlia Baltic and Great Britaia is, 
indeed, moat surprising; for, among seventy-four Scandinavian 
species, upward of sixty are common to the strata of this ago in 
both countiies, and of these, fifteen to sixteen species ai'e also 
found in the upper silurian rocks of America." The devonian 
fossils are equally striking in their resemblances and extensive 
geographical distribution. Similar representatives are detected, 
and still more abundantly, in tlie carboniferous formation — univer- 
sal specific types of the fauna of the epoch. One remai'kafale 
instance has been stated — upon Uie authority of M. L. Von Bucli — 
that the Leptcena lata, so typical of the silurian rocks of Britain, ia 
spcifically the same with the Lepimna sardKulaia, which is no less 
prevalent in the Russian carboniferous strata, and continued even 
throughout its uppermost members. Our field of i-eview, there- 
fore, contains a fair proportion of the various fossils of the world, 
specific and generic. The formations lying before us throughout 
our base-line, give a true indication of the state and conditions 
of life during the several epochs, while in number and variety of 
individual forms they ai'e above the average. 

Heed it then he urged, that no such incalculable cycles of ages 
would bL required for the whole of thii catalogue of animals ful- 
filling m then- seveial epochs their allotted destiny upon fie 
earth'' Complied with the mass of moi^-anic matter iu which 
they aie entombed thi. i lehcs are literally as nothing. Only 
here and theie li ciiUin cliir^sea at lemote intervals often, there 
is a fossil 01 its impres'iion And so entire and well-preserved are 
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these organisms, that we have reason to presume there has been 
no great obliteration, absorption, or utter waste of Uie races to 
which they belonged. On the contrary, as their distribution is so 
persistent in tiieir respective formationa thronghont the globe, — 
the same genera and species being common to the four quarters 
of the world, — tlie presumption is, that specimens of nearly all 
tlie tribes that ever dwelt on the earth or swarmed in its waters 
have been handed down to ns ; and thus the number of the actual 
relics found becomes, as it were, a chiononieter or measure of the 
ages during which they subsisted. 

Look agfun at the demands of geology. Upward of sixteen 
MiLuoBs OF Yuias* are supposed to bave elapsed since the crea- 
tion of life upon the eartli. Tlie lowest of the rooks, ui wHch 

fJiat life has found its grave, have been reached. Their contents, 
upward, have been examined and catalogued. How many gener- 
ations of animals roust have subsisted within that period ? How 
many individual skeletons must have been entombed and pre- 
served, seeing that things of tlie filmiest texture, plants and 
animals, have been inclosed and handed down to us entire? 
Quadruple tlie ages of every one of the existing denizens of sea 
aud laud, and still, what countless millions of generations, suc- 
ceeding; each other, have lived aud died during the eras that were 
to run ? Geology presents us with her list, her whole lengthened 
organic roll, of scarcely four hundred generic, and less than eight 
liundred specific forms, gathered out of all the past cemeteries of 
the dead. The cemeteries themselves, of such vast walls and 
dimensions, may, according to the present mordant powers of the 
elements and the capacity of rivers for the transport of mud, have 
required the calculations usually assigned for their erection. But 
where, the question will ever recur, where is there anything like 
a corresponding amount of ajiimal exuvise apart from the calcai'e- 
ous supplies, to be found in the successive foimations, conforming 
in auy approximation to the exisliiig powers and capacities of par- 
turient nature ? The fossil remains, inclosed from the beginnmg 
to the end of the iacouceivable cycles of time, are the remains 
only of a few great families : their skeletons are admirably pre- 

* Mi's, SamerviUe's Phyeiciil Seographj. 



Ho,fa=,G(i(5gle 



340 TIME, AND TJIE GEOLOOIOAt KPOCHS. 

eeiyecl oi their cista re minutely and accurately engraven on 
the rock ind do they not look as if they w«re the identical indi- 
tiduidi which lose m the dawn and were buried in the setting of 
their own geokgical epoch. 1 

It we if still f^ither into details, the results will be found 
itarthng enough Let ns select one of the periods, the old red 
sandstone for illuitiatmg our views. The period assigned forthis 
formation embiaces a term of about, we shall suppose, according 
to the jjeoligicaJ distribution of time, a millioa or two of years. 
This formatzon consists of three great subdivisions, every one of 
which cont'uns their distinct specific forms, and heaoe their aepa- 
lation m(o the loner middle, and upper groups. This was pre- 
eminently the hih epoch — finners which roamed in undisturbed 
pos'^ession of every sea oa tlie surface of the globe. Dropping 
mtc the wateia and speedily silted up In the sands, the skeletons 
wiie in th:- best ol ill possible circumstances for preservatjon ; 
and lecordmgly the hpeciinens of the period constitute the wonder 
of the geologist for their enameled freshness and perfect outline 
of figuie The pioductiveneas of fish is prodigious, the cod-fish 
multiplying at the late of three millioni and a half, mackerel at 
about halt a miiliun and most ot the other tribes at a correspond- 
ing high rati Count now how many geneiations, of every one 
ot the species ol the s paiate gioups of the old red sandstone 
seiiPs -would esist and multiply during a period ot so many hun- 
dred thou'iind years The modern epoch and its breeders have 
scai(,ely rf-aLhcd their six thousand When sis times six have 
been added ■ind sixty times moie have been added to these, they 
will sfill be a third short of the term allotted to the favored deni- 
zens of the olden time And iiheie, amidst the well-protected 
few that have yielded up then remains, are the trace" of the 
mjri'idb upon mynids that penshed and weie buried along with 
them ? To the genus Homo, the head of creition, few thmk of 
the earth, as it now is, bemg the abode for periods reckoned by 
millions of years. Kay, within his as yet bnet period, how many 
of his cotemporaries have already passed fiom the stage, extir- 
pated, many of them, by his owa. direct agency ? The dodo, and 
his fellow islander the solitwre, and other brevipennate birds, — 
probably, too, the elk and the urus, — certfunly from this island 
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the beai cr, the wolf, and the boar, and just as certainly, at no 
diafajit day, the extinction of many other races will follow in, the 
onnard piogress of civilization. But as now, so in all past ages, 
eupenoi power, or a more dextrous instinct, have led to their 
eztirpition. Their destiny was fulfilled, and the race perished. 
And as we are reasoning upon the known laws of nature, whence 
the geologist only see.ks a footing for his vast cycles of lime, so, 
we venture to affirm, is he bound to abide by the test of his own 
selection, and to read therein the terms of life granted to the 
famihes of earth. The modem epoch shows .the outgoing of 
genera as well as of species within the limited compass of a few 
tiiousand years — gives reasonable indications of the probable 
extinction, speedily and at no distant period, of hundreds of 
others, — these famiUea possessed, aJl of them, of as enduring 
structures, and of higher types of existence, than those of the 
older epochs, — and, therefore, upon every fair ground of aniilogy, 
are we justified in concluding that there can be no such diversity 
of ages, under one and the same system of nature, as that of 
hundreds of thousands of years to the hvmg tnbea of earth 

When such premises are made the grounds of such mtercnces, 
and ^ai hnthg Igt te ates the statement that these 
gtp ditm pnd wondeifully with the giadual 

u as f an m 1 111 and Qi cssive cieation and extinction 

of numb 1 o d f b g and with the inoredihlo quantity 

f aw m n hu d n tl rust of the earth, we have just 
to remind him thdt betivixt great penods of time, and the grodvAd 
increase of animal life, there is no necessary connection. However 
long and indefinite the time connected with the rocky formations, 
cert^n it is tliat tlie successive organic tubes were created within, 
a period that admits, and can admit, of no calculation whatever, 
not even of any analogical illustration trom esperience or the 
known laws of nature. The species, huwe\ er numerous, of every 
epoch were called at once into bemg, not gradually but instantly, 
by the fiat of an all-creative act. Tlieii multiplication and increase 
depended upon the law of then nature , but how long they were 
to be privileged to multiply, in one unvarying specific form, 

accoi-ding to that law, is a point tliat comes legitimately wiUiin the 
range of experience and the calculations of existing life. Let not 
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tilings will h difiei tlieTi,foic be mixed togetlier. The organic 
and tke moigeinn, typLs in tlia act of formalaon, cannot be com- 
paied. And no ai^ument can be adduced from the fact of the 
mere numben of aniinil species, or of their individual increase, 
in support of the assumed length of any geological epoch. Species 
as w^ell as mdividuali have peri-,hed, and gone out ■within the nar- 
row limits of our own epoch, and yet have multiplied ia progeny 
through countless myriads. 

The same course of argument applies to every one of the fonna- 
tions, to some of - them of vast thickness, even more conclusively, 
where we find the same species persistent throughout the grotip, 
ajid the same genua offen extending over two or three entire 
formations, embracing periods of geological time of as many mil- 
lions of years. Thus the Leptama lata of the Silurian age lives on 
to the close of the Carboniferous ; tie trUobiie, earUest of living 
creatures, has its representatives still in our modem seas ; the mail- 
clad holoptychius existed through the whole of the Devonian and 
Carboniferous eras ; and equally remarkable is the fact that the 
Onchus Murchisoni, the oldest fish yet detected in the rocks of the 
earth, b a creature more allied to the existing genus Spinas: (the 
dog-fish) than to any other family of rehcs inclosed in all the 
intermediate ascending series of deposits. Among the infusoria 
it is ascertained that there are two kinds of living GaUionellcs 
identical with the fossil species in the Eiehmond clays of Vh'gmia ; 
wliile again, in geological botany, we have all the types of the 
coal formation still flourishing with the same gigantic forms in the 
continents and islands washed by the Pacific. 

3. The superpiciai AocnMDLATioNS. The argument of the 
geologists, for their indefinite periods of time, proceeds mainly 
upon the assumption that the present and the past operations of 
the laws of nature are nearly uniform ; or, in other words, that 
the existing rate of increment of detrital and alluvial matter, in 
seas, deltas, and rivers, is to be taken as the standard throughout 
the various geological epochs. Tried by the test of the superfi- 
cial accumulations, the subject is brought within a manageable 
compass, the definite is substituted for the indefinite, and the scale 
of accumulative power ia the ancient will be in the ratio of its 
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proMve and tiauspoit ng igency ui tlio modem cj aeh The pio 
ducts of volcanoes also tall to be considered in e&timatmg the 
effects of ciiisea now m ipeiation 

The howMer clay comes fir t and Ic^itiimtely within the sccpe 
of this estimate , for whatevei theory of its forma,tioa be adopted, 
whettei by the sudden submergence of a vast arctic continent 
and consequent upbreikmg ot the icy regions of the polar se^is, 
by the jweep of ■^ umversal deluge oi a violent uj-heival of the 
bpd of the ocean certain it is that the matf rials weie bi ought 
togethoi by lipid spflimodie attion This depO'Jit co^Ci& tht 
whole of Nortliem EuDpe much of Asit and estend'! ovei the 
vait continent of WortJi America a*. i\r as the 42° oi latitude 
it vanes from a hundied to =eveia! hundiod feet in depth and 
thus so fai as quaafity and extent of tupeificial aiea aie con 
ceriied the bowldei clay formation miy be compaied with any of 
the older loclty formations ot the mteiior But no geo] gist has 
ventuied to specuhte ibout an mdehnite cycle of jeais as the 
condition of the planet duimg the diift and aocumuKtion of these 
rude uid pU'=tic miteiials 

The sands and gtavch which succeed aie likewise of £,Teat 
depth spiead oiei eitensne valleys and ri'-e on the acchiities of 
hiUs hie and '■ix: hundred feet 'i,ho\e the level of the set This 
may be regarded, all of it, as the collect of the current epoch ; 
and witliin the period of civilization and history and the arts, 
what sand-floods have been caxiied to every quarter of the globe, 
covering entire regions, devastating cities, and obliterating the 
very traces of man's dominion over countries once subject to his 
use. Nor would fossOs be wanting to complete the analogy, as 
the duties along the shores of every continent, and. especially 
on the coast of the North Sea in Norway, Denmark, Holland 
and Belgium, only require consolidation in order to represent 
with living instead of extinct species, the fossiliferous deposits of 
anterior times ; more particularly the Molasse and Nagelflue of 
the Swiss Alps. Near Tours, in France, there is a bed of oyster- 
shells which is twenty-seven miles long, with a corresponding 
breadtt, and twenty feet thick. And in the United States there 
are beds far exceeding this : a sti-atum, nearly continuous, has 
been traced from, the Eutaw Springs in South Cai'olina, to the 
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Chickasaiv cowatiy — being six liundi-ed miles in length by ten to a 
hiincired miles in lireadth. 

When we descend from the Ifmd to ike sea we find equally 
extensive acoumulatJons, spread over the bottom, or raised along 
the IJde-level in the form of bars, ahoals, and bants. The whole 
eastern coast of the United States* is bordered throughout by a 
line of sand-banks and islands, of various forms and outline, but 
very iiniform in their mineral ingredients, being composed for the 
most part of a fine, white, and qiiartzose sand. On the coasts of 
the southern states, the Caiolinas and Vii-ginia, ihey form a chain 
of !oTT islands, separated from the coast by a series of lagoons; 
while higher up, on the southern coasts of New England, they 
occur as submarine ridges, parallel to the coast, and separated 
from each other by wide channels. To the north, these arena- 
ceous deposits are still more extensive, forming vast submarine 
plateaux, such as the St, George and Newfoundland banks. And 
at the bottom of all the bays and creeks of that much indented 
land, prodigious dUings are going forward, not under the form of 
naiTow ridges, biit as broad connected strata or flats ; consisting 
seaward of very fine sand, and more inward of a coarse gravel, 
and in not a few instances of colcaremii mud, where the deposit 
takes place in the viciuity of coral reefs. The same processes are 
in operation around every island and by the shores of every con- 
tinent where tidal action favors the deposition of the materials— 
the result as now ascertained, not so much of rivers, as of oceanic 
currents. The depth of these sands it is impossible to detennine ; 
but thousands of feet may not reach their soundings. And as 
to organic remans, they are most favorably situated and com- 
posed for attracting and sustsuning every kind of marine creature ; 
it is upon the banks tliat border tlie coast of North Amei-ica that 
the most extensive fisheries are carried on, bei^ause these aie the 
abodes of those myriads of invertebral ammalo — ^the molluscs, 
annelides, and zoophytes, types of the oldei form tf ions— which 
serve for the food of fishes, the ctenoids and cycloids of maiitime 
enterprise. And thus, co-estensive with tlie littoral temtones of 
the ocean, we have all tie elements and ingredients of a tobma- 



Hosted./GciOglc 



CHS. 345 

TiON, coDipleling within the human epoch, that may almost rival 
the Old Red Sandstone itself. 

Nor does the analogy terminate in the production, whether of 
one or many beds, of sand and gravel deposits. Simultaneously 
witli these, there will be sillinga and accumulations of various 
kinds of materials arranging tJiemselves, at different depths, over 
the bottom of the ocean. The beds, too, will have their edges 
shd over each other, and where maintaining a degree of paral- 
lelism, the inclination of the more remote members of the suite 
will coiTe^pond with the increasing depth of the sea bottom, 
Theu tlie imbedded remains will be as vaiious as the different 
kinds, genera, and species of animals that frecjueat the different 
localities; nor will eruptive matter be always wanting to give 
diversity to the scene, indurating, dislocating, and disarranging 
the relative position of the deposits ; TJafil we have formed, mihin 
our present seas, the whole complement of a geological forma- 
tioii — the calcareous, muddy, sandy, gravelly suites, cotempo- 
raaieous in origin and gi'owth, with all their diversity of fossils, 
living and imbedded at the same period — some beds consisting 
entirely of microscopic or other marine bodies — some composed 
of vegetable and other mixed materials — some where the land 
and waters have mingled tlieir spoils together— -and all to be 
united and agglutinated into one great composite system by the 
dykes and eruptions of submarine volcanoes. 

TLese processes are all now in active operation ; and, without 
straining tlio argument, the clear undeniable inference is, that, as 
the amount of materials accumulated and aiTanged in the modem, 
so will be the ratio of increase in the more ancient periods of the 
earth's history and revolutions. And hence thousands, not mil- 
lions of years, "woiild, upon such inductions, be the scale of reckon- 
ing as to time. 

But to state the argument in this form is vastly to underrate 
the forces of nature in the primeval times. There are, on the 
contrary, the strongest reasons for believing that the two classes of 
phenomena can bear no proportion to each other, either as to the 
manner of or the periods occupied in their formation. The bulk 
of dry land, compared with water, was then, as all geological 
appearances testify, perhaps only a twentieth instead of a third 
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pai-t, aa now, of the sTipermarine area of the globe. How infi- 
nitely greater, therefore, would be the action of the waters over 
all Uie materials subject to their disintegratiag power, irhether 
npon the islands and continents already raised above their waves, 
.or upon the iniinense submarme tracks of rock jiost lifting up their 
peaks and waiting to be elevated into air ? Hot in alluding to 
yolcanie products can we fail to perceive how immensely inferior 
are the modern to those of the palfeoaoic ages, when all the great 
mountain-rang'es were bursting into posifioa ; the American conti- 
nent, not as now with a few isolated eruptive centers, but rending 
all over, as the mighty Andes and Cordilleras were rising above 
the deep and assuming outline ; and in every quaiter of the globe 
the plutonic, erosive, and denuding agencies were Upon a scale of 
corresponding magnitude. Leibnitz, in his " ProtogEea," has long 
ago anticipated these views, where, in the masterly sketch of his 
leading geological canons, he distinctly refers to the more inten- 
sive energy with which pliyslcal causes must have acted in 
primordial times ; and considers that these disruptions of the 
earth's crust, from the disturbances communicated to the incum- 
bent wafers, must have been attended with diliivial action on the 
largest scale. The maximts gecutm inundaiiones, thereby occa- 
sioned, had produced their natural effects, when the period of 
repose succeeded— the quiesc^atibus eausis, atque acquililiralis, con- 
sisteiiiior emm-geret rerum, staiMS, as he so beautifully describes one 
out of many recurring stages of paroxysm and repose during the 
Course of Creation. 

Whatever views may be adopted on this momentous question, 
I stall conclude by observing that it is not necessary, in support 
of the one here advocated, to assume that the secondary causes 
which have produced the geological phenomena referred to, were 
different in kind from those in operation at the present day. But 
it is asserted that such physical causes must have been immensely 
increased, in the degree and intensity of their action, by the very 
differentconditionoftheplanet, and the circumstances under which, 
in consequence, they began to operate. As to the willionade doc- 
trine, if I may so term it, there are in every view the greatest 
difficulties in the way of its adoption, — errors of calculation sorae- 
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wliere to be corrected inoon«stenneb to be leoon ilid Londiticn 
of organic life giatuito ly um d d t b ectifaed It mat 
Itrs not, iadeed wbelb w t k tli m oi tke morgiwo 

striicttu'es of tbe "Jeyi-r 1 p d is tb g of tbeir piobable 

duration — the living t b th t t d th Uj,hout such periods, 
and whose relative age w pp m t to— or the dead rock 

in which the remains t d d th accumulation and 

arrangemeiit of which y itra d y gencies have been 

demonsti'aiively eouoei d Th I w f ti , in tbe one case, 
arc nearly uniform ; p 11 md duals have their 

limited terms of esisfe d j establishes the fact, 

that the living tribes, f tl d ]> ^ have, in several 

instances, become exti t w tl mp t ly short period of 

time. The operations ft th th se, are subject to 

vast diversity, great ant dd 1 lad apparently limited 

liy ao ascertained maximum f d 1 pm t And thus com- 
bined, ao far as our pi t tat f i wl d extends, the infe- 
rence is warrantable, th t th g 1 al ^ ter the error may 
be one — of miluohs of year k I 
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THE MOSAIC RECORD — ACCOUNT OF CREATION. 



TiiB conclusion attempted to le established by tlie piecedinj, 
mode of ie\sf>ii ig is not of the kind noi will it be bo sa,tisfactory 
ai many de'iideratc The sicied chionology accoidmg to the 
common intcipietafion umain? as it was and nt Lanncny can 
thus be ebtabhsliel bctmxt it and the deductions of geology 
Bring down the epocl b to tliou ands instead of millions of years 
and still the bays of Scripture aie not explained The histoncal 
and tlie acientihc accoucts of tbe co i ae of crcat on aie just wheie 
they were the one based on ihe word of its Authoi the other 
lestiiig, on 1 ah oi doubtful mtej-pretations of the phei omena of 
nature Leave us says the geologist to gi pe our own w\y 
mTstical Vi OUT lecoids aie we di&tnib no cstibhshei tiuth and 
imag nation delights to lose itself m the f ii distant past Let not 
says the dmne the speculation', d a new sciencp — a science of 
ye'iteiday — be mixed up with moie impoitant matter-, of leligion 
■we ire witi n the sacred prcimcts t it,ieUticn ind owr oiides 
gne forth no dubi us meannij,s — no isoteni, doctrnes for the 
initiated oaly 

The maivels of teolocy certa nly are a eveiy view that c<in 
be taken of them deeply ! iteresting to the m nd The volume 
ot cretition lead in tlie ]ia;hX of its disco v* iies is tiat d baet 
thiough pages which hive been long hid from day and these 
now make known to us a atorj of hfe and death ot tctivities and 
enjojments cf cit^stiophes and leiolutions which siirpiis in 
wonder the mi entions of the mere romance ivnLer, or all that regu 
lated genius can pour " from pictured nm" of her most fascinating 
lore. But be tlie time occupied in the elaboration of these records 
what it may, the records themselves have am aetua] being, and a 
(34S) 
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language of lutelligeni e indelibly impressed upon them. They 
are genuine, autinntii, documents of their author. They may be 
misinterpreted Inferences may be deduced from them for which 
theie IS no ■wariant , constructions put upon pass^ee wliich they 
will not legitimately bear ; or the true Itey of the volume, in its 
great leading truths, may not as yet have been found. StiJl the 
work is of God, wholly and entirely the writing of his own hand. 
EevelalioH is also His work ; and, claiming to be from the same 
authority as the other, rests il« pretensions to be received as an 
authentic document upon the ground of creation. It gives details, 
and ecterB into explanations of the nature and origin of creation ; 
and it declares that the same Divine Being who made the heavens 
and the earth, has also recorded their histoiy and revealed his will 
to man. It is by no mere casualty, therefore, or as a matter of 
indifference, that the Bible commences its narrative by an account 
of creation. That account is there as the foundation of one of its 
own claims to belief, testifying to its credibility that it is of God ; 
that He placed it there, not as a skillful writer would do Ms pre- 
face, but because of the fact, that the invisible things of his nature 
ai'e to be seen and understood by the things which are made. — 
What is thus declared upon the subject of creation, is likewise 
liable to misinterpretation. It may not be read aiight. But of 
the account itself there can be no question, — ^that it is given as a 
real, as it ever must be regarded a true one, of the Divine oper- 



In order, therefore, to arrive at any Just conclnsions respecting 
the comparison to be instituted betwiict the geological and the 
revealed account of creation, we shall first inquire into the iind, 
as well as amount, of information contained in the Mosaic 
record. The rendering of the term " day" will then fall to be 
considered in relation to the order of events indicated in both 
accounts. 

I, The narrative proceeds with a fullness and minuteness of 
detail, which clearly show a pui-pose in the writer. Did Moses 
actually mean to trace the whole of creation in its primordial 
course and outline ? Assuming that he did, the phraseology ia 
pointed and admirably suited to its subject. Admitted into the 
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presence -ciiamber of tte Creator, lie sees the instruments with 
which he works, the rapidity -with which he executes, the subser- 
viency of all being to his will, tlie arrangement and disposition of 
all things at tis pleasure. Knowing, as we now do from the Hgt- 
est authority, what was the work of creation, and whence it origin- 
ated, the intelligent mind diseems also the suitableness of the 
description, and the Dirine selection of words employed to record 
it. There is inspiration ia the pencil, as well as omaipotence in 
the hand, which traced out the plan of creation, and brought it 
into ezistence. The Cause willed, and the effect immediately 



EAETH. 

Here, betwijct God aad his work there are n > intcimedn.te 
agencies, — no pause or rest in the act of coming mto being A 
material universe ia designed, aad the substance ol it is instantly 
produced. The inspired historian proves that he was mspned, by 
the brevity of tlie history of the event, by the employment of 
words so perfectly adapted to the nature of tlie act He proves 
farther, that we have here indicated the precise couise of creation, 
and tiiat he meant so to represent it- — that the heavens and the 
earth are of one and the same act — that the physical universe, 
through all its dominions and remotest spheres, started at one and 
the same time into being. The sim, moon, and stars were now 
all formed, as well as our own planet. Tlie stellar systems were 
everywhere arranged ; and the worlds of matter had their places 
all assigned them through infinite space. This part of the Divine 
actings must not be confounded with the farther evolution of crea- 
tion as described in the work of the fourth day, which has refer- 
ence manifestly to the division of time and the appointment of the 
seasons, through the revolution of the planetary worlds. 

The condition of the earth as it first came from the hand of its 
framer is next alluded to. It was " without form and void," and 
involved in darkness ; that is, the arrangements necessary to con- 
stitute a habitable globe, were not completed. There was no di- 
ver^ty of surface — no division into hill and valley, into seas and 
rivers ; the air, the dry land, .and the wafers, had not yet assumed 
their respective places. Form was not yet stamped upon the 
mattor of the globe. Cousequentiy it was also void, or without 
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inhabitants. ITeitlier vegetables nor auiiaals were there. They 
eould not esist before these aecessary adaptations for hfe were ad- 
justed. Let tke reader note tliis stage of the work. Marking 
the precise, definite phraseology of the inspired writer, let him 
BerioTisly reflect whether he has here before him the first state of 
the new woi'ld, or the shapeless mined aspect of one of its subse- 
quent geological transformations ? None of the elements, he will 
not fail to observe, have been described as yet existing in separa- 
tion. The course of creation has not advanced so far ; aiid, if it 
had done so, no geologist pretends to assert, that at the close of 
any one of his epochs, tlie laws of nature were abolished, and all 
things reverted to tJieir pristine formless condition. With what 
propriety, then, may it be asked, can an opening be made In this 

part of tte cairative wide enough to embrace, or to have inter- 
calated info it, all the phases of an archaic eajth under his numer- 
ous formations, and the vast cycles of tjme in which they had 
been evolving? The language employed admirably represents 
what Vfd can well suppose the original physical state of tlie planet 
to have been ; and tliat state accords better with the first than 
with the last, or any of the intermediate series of the geological 
changes. And the earth was without form and void ; and dark- 
ness was upon the face of the deep ; and the Spirit of God moved 
upon the face of the waters ; and thus gave shape and outline to 
the planetary mass. 

The light was thereupon produced. We are not told whence, 
nor out of what. Like all the matter of the universe, it started 
into being at the call of the Creator, suddenly, as its own bril- 
liant flashing emanations over the darkness at this hour. Then 
came day and night ; and this implies, that there came along 
with them the revolution of the globe and the commencement of 
motion in the astral iiniverse. The production of a firmament or 
atmosphere is next alluded to, and in immediate connection with 
this part of the work, whereby a medium was provided for the 
diff\ision of the light and the play of aU that beauty and variety 
of coloring by wliich the earth was to be adorned. " And Giod 
said. Let there be light : and there was light ; and God divided 
the light from tlie darkness. And God called the light day, and 
the darkness he called night. And God said, Let there be a 
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firmament in. the midst jf thr w itci-s and let it divide the craters 
from the waters." 

Light, the subtilest and fleetest of ^U clpments, has nearly 
eluded every effort of man to detect or iniJj ze its essence. It 
travels swift aa thought through infinite space It spreads its 
ethereal force over every oppoamg obstacle It gives brilliancy to 
the gem, foi-m to the ciystal color to the flower heajih to animal 
life, and is so indispensable to every eiisfaig conditioii of existing 
ptjaioal nature, that, were the mandate of its crealJon revoked, 
we know just as much of its principle as fo see in its annihilation 
a relapse into that state of chaos when aH things were without form 
and vo d Not o ly fte beaaty of orgajiie structure, but the mole- 
cular aTangen of the mineral mountain masses of tiie earth, 
would aU ] robab My, have been an impossible condition of 
matte! w tl out the eiiatence and agency of light. And light, 
whethe glo no n the solar disc, gleaming in remotest stars, 
or breaking a d pirtling in the rain-drop, what revelation has 
science mtde of t beyond its properties of luster and activity ? — 
We tr ce t efte ta we discern its influence upon all bodies ; but 
when we would go deeper, and seek to know it essentially and in 
itself, we can only speak of it as the utterance of Him who said, — 
Let there be light. 

Nor has science made any attempt, at least no successful one, to 
account for the origin of the atmosphere. Its constituent elements 
are known. They are every day made the subject of direct expe- 
riment. The solution and ascent of water in the air is also a 
matter of daily visible occurrence. But by what process this 
gi'eat mass of impalpable fluid was brought together, enveloping 
the entire earth, and suspended as a curtain over our heads, no 
ingenuity or dexterity of man has been able to determine. Theie 
is no evidence bj which to ezplain it upon the principles of natu- 
ral law, slowly elaborating the materials, and piling them high in 
the starry vault. The atmosphere, indeed, must ever stand in the 
original formation, the result of the immediate creative act, brought 
together in all its volume and vast incredible capacity of receiving 
and holding in its grasp tlie gaseous residue of all earthly things. 
And what of its electricity, its magnetism, the anroi-a and ite 
streaming meteors, — its thunder, lightning, clouds, and rain, — 
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all, shall we say, the instantaneous effect of the authoritative com- 
mand ? And God said. Let there be a mkmambht in the midst 

OP THE WATERS ! 

We eveiy day see the conversion of water into stfiam, and steam 
into air ; and the air, like the ocean, receiving every substance 
into itself. But, nevertheless, it is not inferred tliat there is any 
augmentation to the volume of the atmosphere, any increase or 
essential change upon its original mass. Without the existence 
of this fluid, the earth would have been no suitable place for any 
of its living inhabitants, vegetable or animal. Therefore was it 
created ; therefore does the account of its creation stand in the 
order in which we find it in the Mosaic narrative ; and, therefore, 
from this very eireumstanee, are we not warranted to infer that 
we have before us a description of the actual genesis of things — 
that it is not a remodeling or transformation of the old, but the 
veritable course under which aJl creation was at first brought 
into being, form, and parts, that the inspired writer intends to 
record? 

We cannot refuse, by parity of reasoning, to conclude the same 
as to tlie immediately succeeding act in tte Divine operalions. 
The arrangement of tlie surface of the earth was now to be effected ; 
and, just as one portion of the waters was lifted and expanded into 
air, so, in consequence of a different proportion in the elements, 
and evolution of new principles, the seas were formed and gatliered 
into the depressions occasioned by the raising up of tlie dry land, 
its consolidation into rocks and mountains. Thi'- is the starting 
point of geology. The science can get no deeper It be^mi all 
its researches, and builds all its calculations, upon that ciystalhne 
crust which is termed primary, which is co-eirtensive with the 
superficial area of tlie globe, which is found in e^ery itgiDn and 
beneath which no explorations have anj where been made And 
wherefore not assume this as an immediate formation as a dirett 
preparatory ai-rangement like tht, seas ^nd atmo'.pht.ie for the 
life that was just tob p dd'nthahb fabon upon if A 
beginning for organi b d dm t hi upon geological evi- 

dence. The lowest f 1 f k 1 been i-eached, and 

eveiywhere they are t und t m ta n tl me relative position. 
The inference, ther f 1 j, t m te a y probable, that the 

30 
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menced on the theater ot our globe the successive e'volution of the 
principle of life, subtile, active, prolific, ia all the boundless prodi- 
gality of nature, and mysterious sUU as the esseuoe and fount of 
all-creative Being. 

At this part of the narrative it is generally supposed, according 
to the common reading, that there is a retrograde step, as it were, 
introduced. The day and night have been made to precede the 
creation of the sun and moon ; and now to supply the deficiency 
we are told of the appointment of these luminaries in the heavens 
" to give light upon the earth." But three days and three nights 
have already revolved. Doubtless they have, but not without 
light, for light has been created ; and not without a provision for 
the night, for the light has been divided from the darkness. The 
earth has been revolving upon its own axis ; that occasioned the 
r and night then as now. Another motion is 
I, -ivhereby it revolves in its orbit and circles round 
the sun ; that causes the variety of the seasons, and the divisions 
of the year. The luminous matter diffused through space, and 
equally shining upon all bodies, has been assembled into the great 
central orbs, to be the dispensers each of light and heat to their re- 
spective systems ; and upon these arrangements being established, 
both days and nights, seasons and years, are all depeudent upon, 
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IS they all aii e trnm the revolution of tlie planets rouud the ceu- 
it il h m u iij And God' said, Let there be lights in the firaia- 

ment of the hei-ven to divide the day from the night; and let 
tliem be for s gn". and for seasons, and for days aoid for years." 

And God made two great lights; he made the stars also." 
The oiiginal does not bear out the sense of there being in these 
instances an let of creation ; neither does the English term itself 
ilwayj imply that meaning. Light-bearers, or the depositories 
ol illumination is the true rendering of the Hebrew. The 8ep- 
t njjint transUtcis have used similai- relative terms, and in our 
ownlanguij,e the expression "made" often si<miJies fashioned, 
tiimed u«ed consfr^ined. And so tLe phrase k f rs n t to 

1 e Pieitioii but to tLe uses of bodies already d b d as b mg 
^ csntence and created along with all matter n the b n 

liut now they ire invested witli new properties a n i 

It peiform ne^ functions, and stand in relati n h t h 

at the bidding of Him. Tfho brought them into b n N t to 
the summoiimo of the universe into existence, tli wis th n t 
sti\penduus act of Divine power, and we Imow an h f the n 
as of the othei Some of the properties of matter we are ao 
quamted with The laws of motion we can define in some meas- 
ure and caictJafe also fJieir effects. But whence tlie one, and 
/ioui the arbitiary appointment of the other, through all the infinite 
dnersity of svstems and spheres — precise, hariHOnioiis, and 
ordeily — baffles all the ingenuity of science to determine. Mark, 
too (he 01 ler of the introduction of this new class of facts, just 
in the due couise and' regulation of nature, When life is men- 
tioned and the eaith is clothed witii verdure, the seasons begin 
then lound and the divinely-insti-ucted historian acquaints us 
wifJi the cause And God sot them in the firmament of the 
heaven to give light wpon the earth ; and to rule over the day 
and over the night and to divide the light from the darkness." 

The wafets aie now replenished wiUr their stores of animal life, 
and by the same act of creation the air receives its stock of wing- 
ed tiihes Then follows, as the work of another distinct period 
of time the mlioduction of the terrestrial ra«es — the living crea- 
tuie after hi'i kind — the cattle — and creeping thing — and beast of 
the eaith after hia kind. The description here is general. The 
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orders, genera, and species are not named. Still the catalogue is 
large and amply descriptive. The Tarious types of organic stmc- 
tuie aie alluded to, and each term or epithet of the quadi-iiple list 
IS elastic enough to embrace one and all the diversified families of 
the most methodical naturalist. " And God made the beast of 
the earth after his kind, and cattle after their Idnd, and every 
crecpmg thmg that creepeth upon the eaith, each after his kind." 
Such lb the account the order and course of creation as set 
loith m the laupired rewid The desi?i)rtwiiof the various f, en e 
ia,tive acts is simple distmctne and consonant with the eneigies 
ot the Will by which they aie peifoimed The whole nanatue 
13 one of many witli n tie compit^s ol the s\cred ^cl^Ime m 
wli oh a atr t aclhcteiite to tl e letttr It-a Is to -i sound interpretl 
tion The wisdom of in\n will he confounded when it tiies to 
fithom tht- methods and devi es of the divme Artihcer in ongm 
ifmg his woiks His safety ivill often he in distru'.ting hi^ own 
under tandin^, in not magnilying overmuch the ingenuity of hi9 
own speculations and m sometimes believing that eien science 
will be exalted bj appr ximating to iither thau hv depaiting 
fiDm the liteiahbesof tM.ripture 

II Cumpirt njw Uie epochs ff t,cul ^j i th lie n\Y9 of 
Scripture and th«e will be observed <it least a remarkible c in 
cidence betneen them The fossilifeious systems of the one aie 
neaily the &ame in number with the de-^criptiie para^iaphs in 
the other The ordei in the creation of organized bodies the 
piogiesBion of life upon the earth aie also wonderfully stiiking 
in the lecoids ot both The lowest of our fossJiferous deposits 
contain the unpiefesionstf phnts — these stand at the beginnmg 
of the Mosaic list The s ime groups and the m hole of the next 
m succession a e eh-iractenzed by the pie^ailmg abundance jf 
marine tribe' — the water according to the sacied nanative 
then received their command nnd multiplied abund-mtly the 
moving creature that hath lite Vegetables and animalw &till of 
fhe viteis contmue to mcrea^e during the carhonifeifus era 
when a new system succeeds and m this the t t pr nts ct birds 
are distinctly traced— -so it was in the stme idei of successi n 
that the winged fowl is sent foith mto the open firmament of 
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heaven. Tlie Lias and Oolite formations immediately follow, 
filled with monsters of the deep, samiana and flying lizards, — the 
test speaks of the "great whaJes" of the period, as distdnguiehed 
among the productions of the waters. The Wealden Chalk, and 
Tertjaties are replete with aJl kinds of reptiles, mammals, and 
quadrupeds — the horse, urus, and other forme of cattle — and 
80, in lite manner, tlie last in the Mosaic list, as the highest in 
the geological strata, are the types of every beast, cattle, and 
creeping thing. 

Now, can this running paraUel be accidental or intended? 
Did the writer of the one record know anything of the contents 
of the other? Does the course of creation, as detaded m the 
strata of tlie earth, follow as a necessary con&nqueEce fiom the 
nature of things ? or as the arbitrary appomtment of Him who 
made them? Would plants, fishes, rcptdes, fowl, mammals, <ill 
emerge in this precise order of succession, by any Known \a.w 
of organic structure? Or could not the fiist and last, or any of 
the intermediate kinds, have been at once, aad as adaptively, 
brought together in one and the same period ot time? Was 
the writer of the Genesis acquainted mth the iieh txuberant flora 
of the carboniferous age ? and was it meant as a true exposition 
of its history that there were as yet no beasts or quadmpeds 
upon the earth to enjoy it? And knowing of it, as well as of all 
th th p fi ■ 1 Airan^ements —the upheaval of the crust, 
ra n ns the alternate shifting f "^a and land, — 
d h d b h progress of organic creation pieciselyasit 

urr d and as changi'S of tli planet became adaptive? 

Th atm, acts termmatas m the mti eduction of 

M p h a^ of f«irestnal bem;. And Grod said. Let us 
m k m n n mage after our likenBS& and let them have 

d m n n h fish of the sea and ovei the fowl jf the air, 

a h att and over all the earth and oi ei ei ery creep- 

ing thing that creepeth upon the eaith 

Here both narratives ^re completely at one as to man's place 
in the course as well as system of cieation No tngraent of 
his race has been detected m any of the rocky stiata of the earth. 
Every other organic thine oi t-^ery class And older and tribe, 
has its representative in one or other of the geolog cal epochs. 
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Man tiLn.nda iipart and alone in the geology as in the liisLory. JTo 
mere link in the cliMn of organic existence, not a being of mere 
eai'thy mold, but fasHoned in the image of his Maker, and fitted 
to explore, to understand, and to exercise dominion over the 
works of his creation. How much, again, in all this last and 
highest evolutioa of creative might, is the conclusion confirmed, 
and arrived at from so many converging lines, that the sacred 
record was iktbhded to embody an actual account of the creation 
of our globe, in its various primordial arrangements as well as 
in all its consecutive events, until its majestic close in the human 
epoch? For, looking back and comparing the whole narrative 
■with th f I f 1 y t t li ghly p b bl th t w h 
in that t d tm ly h d J f 1 1 i g 
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III. The conclusions which have been, or wliich may he, 
deduced from a comparative examination of geology and the 
Mosaic record, fall to be noticed. 

1. In order to presei-ve the literal rendering of the six days of 
creation, it is maintained that the Mobwc record taltes no account 
whatever of any of the geological formations described. After 
the intimation, "In the beginning God created the heaven and 
the earth: and the earth was without form and void ; and dark- 
ness was upon the face of the deep" — -the close of the epoohs, 
with all their complement of strata and fossils, was accomplished ; 
and then, as descriptive of the era of man, with all his living 
cotemporaiies, and the several days with the works therein 
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cconpli&lietl till, n w older ot eieiits i ki ed to n the e\t 
c mmeni,cs -with he declai tlioi ii d the Sp lit of b d moied 
upon the fai^ f tlie witeis Thi, discoveries of gpol gy aie 
thus all cast ba<,k upon, nmtcoided anterioi periods and with 
r gaid to which the sacied leeord ii silent while of the new 
s Ties of events m precisely the same ordei of succession and 
eilaiged amount of normal oiganic bemj, theie is i defined 
lit ral account Thi'! may be legaided is the generally leteivei 
interpretation amoi ^ thi, leading geologist" as wpII aa of a large 
diSH ot eminent diiines It was early and eageily adopted by 
Dr Chalmers The proof of its soundness is made to hmge upon 
certain mgcmous onticisms iei,aid n^ tl e ferma lata sa! y ittan 

h h n the oommon veis en of the Htbiew iPXt aie translated 

rreotfl made ftmned According to the ni.'H rendering wherever 
my of these words oeuu m any of the verses aflsT the SPcoad 
they are to be restiu-ted to the simple act of tastionmg arrang 
ing and con^tructm^ new bcdes out of preexisting mitler 
Heuce all the ii itial and letondary actmsfs noticed in the nar 
lative are in this mamiei clearly dist nguishable It is farther 
aigued ihat oil the 'eeond-wy clasj of arrangements ate distinct 
vely ponted to and se^aiatLd from the pnmoKbal by the 
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These are th t f th fi t d second days. But what of 

them, before th Tl 1 m d theh arrangement were all 

required, and m t 1 all xit-ted during ilie epochs recorded 
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m Qeolo^j That is admitted. The light needed no renewal 
attei any gpulogical traosposidon of the land and sea. The revo- 
lutions of the heavenly bodies would be equally unaffected, and 
days leisons and years would remain and proceed in the same 
ordei ot succession. The firmament and atmosphere would con- 
tinue to occupy their relative positions. And so, according to the 
iisus loquendi and legitimate import of all the terms employed in 
the text, we are reading of things that were neither ia being nor 
in operation iefore, hut which now for the first time are I'epre- 
sented as being summoned into existence. We are equally 
unprepared for the admission made by some of the friends of 
revelation, that Moses knew not the full amount and nature of the 
knowledge conveyed in his narrative, just as "he was not aware 
of the profound spiritual meaning of muet of the ritual which he 
was employed to institute. It was an obscure text, which awaited 
the Divine commentary of the christian dispensation."* There is 
no analogy between the subjects. The law was confessedly a 
preparatory, incompleted dispensation. The order of creation as 
traeed by Moses embraces substantively everything which creation 
contains — the elements, disposition, and collocation of its parts — 
and that he saw not through the whole of a future, uafulfilled 
plan, furnishes no good ground for the assumption, that he was 
ignorant of or purposely passes over the history of millions of 
hears of the very subject on which he was inspired to write, and 
on which he was to huild his whole system of theism and of grace. 
This mode of interpretation, beside, assumes a hiatus in the test 
for which there is no just warrant, either in the verbal stnicture 
of the narrative, or in tlie physical character and order of the 
events described. It has always appeared to us to proceed upon 
principles of explicatiou which violate all the canons of a pure and 
severe criticism, which indulgently gives way to new and gi-atui- 
tously assumed dif&cullies, and which would leave notiimg in any 
writing except what the reader chooses to find in it. 

2. The principle of interpreting the days in Genesis as periods 
of indefinite time, and within which the several geological forma- 
tions were successively evolved. They who adopt this hypothesis 

* Tli<! Pve-AdnmitoRavtli, 
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can plausibly argue that the order of creative acts as revealed in 
tiie sacred record, harmonizes in a very rernartable manner with 
the course of creatiou as detailed in the researches of geology. 
Hereby a comparison can be distinctly instituted, and a parallelism 
observed betwixt the peculiar work of each day and tKe leading 
phenomena displayed in the earth's crust — from tlie first appear- 
ance of dry land, when organic bodies had not been as yet created, 
and the primary rocks in which none have been detected — up 
through the silurian, devonian, and carboniferous aeries, in aU 
which plants and marine organisms only are found — and onward 
until we reach the tertiary strata, where, iu succession, the revealed 
order of animal life is so remarkably coincident. The details of 
the science are not indeed to be all, and minutely, read in the 
nari-ative. But the main truths and the leading dogmata ai-e 
there ; and if any departure from flie literal rendering of the text 
can be permitted, so as to fit in and adjust the geological pheno- 
mena, it may be justly contended that there is less of violence and 
straining by the substitution of periods for days, than by casting 
aside the whole genetic description as having no beai'ing whatever 
upon the primary cosmogony of the globe. Then the various 
events, it may be farther argued, as recorded in the text — the 
creation of light — ^the fonaation of a firmament — the division of 
day and night — the appointment of seasons and years — the 
gathering together of the waters, and the elevaijon of the dry 
land — are all so described and placed In such juxta*position as 
can oaly be applicable (o primaiy creative acts, to things which 
were not before, and which now for the first lime were brought 
into being and condition. 

The abettor of this view and mode of reconciliation will like- 
wise avail himself, in defense of its being an orthodox interpreta- 
tion, of the latitude of meaning ascribed to the term "day," in 
the Scriptures themselves. Even in the second chapter of the 
Divine word, and applied to the very subject in question — the 
order of creation — he finds the f«rm to be used in an indefinite 
sense : " These aie the generations of the heavens and of the 
earth, when they were ci-eated in tlie day that the Lord God made 
the earth and the heavens, and bvbby plant of the field." The 
solemn announcement at the close of this world's drama will not 
31 
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fail also to he iidverLed to — " in tlie last days perilous times shall 
come" — Therein periods of longer or shorter duration are implied 
as existing in the midst of days. Frequently too there occur the 
expressions : the day of grace — the day of salvation — the day of 
the Lord — the day of trial — the day of redemption — terms all of 
unlimited import and not to be defined by the planetary diurnal 
calendar, but to be determined by the arrangements of a dispen- 
sation in which man is viewed as a moral accountable being, and 
not by any necessiljes in which bis pliysical condition and tlie 
world be inhabits are concerned. Thus by adopting this hypo- 
thesis, which assumes the entire narrative as a consecutive 
description of the order of creation, every day as bearing the 
initiative of its own class of phenomena, the plan aiid quaUty of 
the Divine works as all deJineated and shadowed out, the pro- 
gressive succession of the whole organic and inorganic historically 
described, aad the phenomena, and the terms descriptive of them, 
are asserted to be in' their proper places, and in harmony each 
with each. 

3. There is another mode of defending the text in consistency 
with the general facts of the science, by assuming that the course of 
creation indicated through the epochs was in all its characteristic 
features reproduced, and substantially represented in the cosmo- 
gonio period of the Mosaic account. We have noticed from time 
to time, in the different stages of our description, in what the 
analogies consisted. In the earliest, as well as in the last, organic 
fossil types, there is the most perfect identity with all the vegetable 
and animal forms described in the narrative. The order of their 
reappeaxaiice is likewise similar. Moses, it is here supposed, saw 
the casting of the same molds, the agency of the same hand, 
and the "day" to be successively the period for the reproduction 
of the work. 

Read now consecutively the whole account, and observe how 
the Historian passes in review the entire series of the Divine acts, 
and runs over again the great master-keys of this harmonious 
system. He is present, so to speak, when, in the beginning, the 
matter of the heaven and the earth was created. He witnesses 
the arrangement of the parts, which before were without form and 
void. He hears the command, — Let thbkb be li&ht. And now. 
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as the miglity structure expands in vision before the eye of his 
mind, the firmament and the ■vraters and the dry land separating 
and drawing off to their respective places, he introduces a record 
of the period within which the several operations were effected. 
How long is that period? Just the division of time with irhicli 
he was acquwnted, and which he knew was amply sufficient for 
the completion of all the operations in question. The acts are 
successive. The will that performed them is omnipotent. Every- 
thing followed in its order and in the time that all creative power 
commanded it to he. Hence the days, with regard to all the ini- 
tial acts, hoth of creation and arrangement, were literally of the 
duration assigned in the text. After the introduction of organic 
life on the third day, geology speaks definitively as to the succes- 
sive order of the kinds and families of the structural forms created. 
But it gives no sign, and can give none, as to the portion of time 
required for their creation. It may have been an instant or a 
day, — a week or a period. The revealed account speats posi- 
tively upon the point ; and shows how, at the bidding of the 
Divine will, the various elements — the water, the earth, tlie mr — 
were replenished with their respective tribes in the old as in the 
new world, and under all the phases and epochs of their being. 

The inspired narrative, it may be alleged, according to this view, 
is not only consistent with itself, but becomes a subhme illustrative 
introduction to the book of revelation. The matter of the heaven 
and the eaifh iias Ihe effect of a single command. The separa- 
tion ol its elements was the instantaneous effect of another.— 
Upon the creation of light, a division is given to time, and the 
morning and the evening hours were established. The arramge- 
ments of the second day followed, and were all completed in the 
period assigned. So with the remanent days and their respective 
included operations. The eye of the historian sees nothing inter- 
vening betwixt the cause and the effect ; his mind is fixed upon 
the aetion, not the manner of its accomplishment ; and knowing 
the whole to be the result of the same power and the arrangement 
of the same providence, he combines in one cycle or week the 
entire series of events, one day of which unto the Efemal is as a 
thousand, and a thousand, hut as one day. The work all accom- 
plished, the immediately revolving period of time was established 
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as fte Sabbath of the Lord. Having made man in his own image, 
with knowledge to apprehend and adore the author of his being, 
the divine Architect rb8tbd ; he a d f m any f rth acts of 
creation ; nothing of any mater al i. te n f J" lining 
thing, has been added to his works n h mpl n t the six 
days, and so the rest has coatimi d and w 11 nt u t the end 
of time — a Sabbath hallowed by t] tut f tl lobe and 

the beneficence of the Creator. 

These are some of the methods by which the geologist aims in 
bringing the conclusions of his science within the scope of the 
Mosaic record, and in freeing his speculations from ail their in- 
cumbratioea and responBibilitiea. There is stiU a great deal to be 
aficompliahed, even with all these approximations, toward a right 
and full and literal comparison with the sacred text. There is 
indeed no real conflict between the discoveries of geology and the 
declarations of the divine oracles ; and, with so many doors of 
retreat from or avenues of approach into the inviting fields of 
ils research, no friend of the truth need be afraid of an excursion 
through the most intricate depths of creation's works. Mean- 
while, the metaphysicians have all been driven from the field, with 
all tiieir untenable dogmas about the eternity of matter. Geolo- 
gists repudiate the doctrine, and their science refutes it. But 
there is such a thing as others rashly rushing to conclusions, 
wherever they can see tendencies or leanings to countenance their 
impious materialiam. In this direction, many think that geology, 
however falsely, wholly inclines. And even now it is better, infi- 
nitely better, to rest with unhesitating confidence in the received 
interpretation of Scripture than be borne away by sweepmg 
generalizations, built most certainly somewhere upon loose con- 
flicting elements of calculation. Countless millions of years are, 
we admit, as nothing in the records of eternity — of no account 
with the Everlasting of days. Nevertheless, if the time can be 
reduced, as unquestionably there are data for the reduction, the 
epochs and the days approximate aJl the closer ; the speculations 
of the science are brought into better keeping with the dicta of 
revelation ; farther discoveries will lead to farther adjustments ; 
wnlil what was done for the interests of the one by detecting the 
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miscalculafions of Hindoo astronomy, wiH again be effected for 
the other by scanning more intelligibly the geological horoscope. — 
And thus removisg every ground of suspicion or offense, will 
serve to bring this interesting brancli of knowledge from the 
outer court of the Gentiles to the innermost shrine of the Temple 

The father of the Inductive Philosophy thus expresses his 
views : " In the works of creation, we behold a twofold emanation 
of the Divine virtue ; of which the one relates to its power, the 
other to its wisdom. The former is especially observed in the 
creating the material mass ; the latter, in the disposing the beauty 
of its form. This being established, it is to be remarked, that 
there is nothing in the history of creation to invalidate the fact, 
that the mass and substance of heaven and earth was created, 
eoafuBa, undistinguishable, in one moment of time ; but that the 
six days were assigned for disposing and adjusting it."* This 
was emitted at a time when geology was in its nonage ; the strata 
of the earth and their Jugular fossil contents were as yet unex- 
plored ; — still it is tiie oracular voice of one who had looked 
through file physical universe with the glance of science and of 
geaius, and who Imew and sought it only in relation to the Crea- 
tor and his Word. 

*t, D« Aiigm, Soien. L, I. 
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CONCLUSION. 

THE CREATOR. 



The magTiifieent work of creation, whose course we Lave been 
tracing in some of its primordiaj arrangementa, in the geological 
phenomena of llie eaitli'a crust, and in its relations to the vast 
planetary system of which it is a member, is the result over all 
of design and intelligence. The changes wrought in tlie earth's 
structure and framework, from period to period, have not been 
brought about by merely mechanical changes of physical condi- 
tions. There are order and method in the inorganic, no less than 
in the organic forms, into which matter in any of the earth's rev- 
olutions has been cast. There is prospective contrivance each for 
each. The alterations made in the outward surface, whether of 
sea or land, have been always such as were best adapted to the 
habits and req^uirements of successive living tribes. And the 
whole amount of change, in botli departments of nature, has ever 
been in such measure and degree as to show, from the beginning, 
a persistent principle of stability in the system, and a wise, all- 
controlling arm to be regulating and directing everything. The 
invisible things of God, from the creation of the world, are clearly 
seen ; and we cannot, if we would, rid ourselves of the thought, 
that somewhere and beyond, there is, not a " primitive cause "* 
only, but a Divine Being, the master of the universe, potentially 
in and present through all things. 

Arihtotlp conclude'! his treatise " De Mnndo," with observing, 
that to tieat of the world without saying anything of its Author 
would be impious, and he proceeds to show, on various grounds, 
the traces ot an all governing Deity. Newton concludes his 
great work, the " Prmoipia," by some reflections on the nature of 

*La Place. 
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the Supreme Cause, and infers from the structure of the visible 
world, " that it is governed by one almighty and all-wise Being, 
-who rules the world, not as ita soul, but as its Lord, exercising an 
absolute sovereignty over the universe, not as over his own body, 
but as over his work ; and acting in it according to his pleasure, 
without suffering anything from it." Speaking of the laws by 
which God goveras the world, and giving his definition of the 
term Law, Boyle says, " I look upon a law as a moral, not physi- 
cal cause, as being, indeed, but a rational thing, according to 
which an intelligent and free agent is bound to regulate its actions. 
But inanimate bodies are utterly incapable of imderstanding what 
it is, or what it enjoins, or when they act conformably or uncon- 
formably to it : therefore, the actions of inanimate bodies, which 
cannot incite or moderate tlieir own actions, are produeed by real 
power, not by laws." "Hence," says Whewell, in his Bridgewater 
Treatise, " hence we infer that the intelligence by which the law 
is ordained, the power by wMch it is put in action, must be pre- 
sent at all times, and in all places where the effects of the law 
occur : that thus the knowledge and the agency of the Divine Be- 
ing pervade every portion of the universe, producing all action and 
passion, all permanence and change. The laws of nature are the 
laws which He, in his wisdom, prescribes to hia own acts ; his uni- 
versal presence is the necessary condition of any course of events. 
Lis universal agency the only origin of any efficient force." 

The researches of science, the deeper they go into the secrets 
of nature, issue in the surest and brightest disclosures of the Di- 
vine Architect of the universe. We are enabled, by the lights 
which are furnished by the various branches of ascertained know- 
ledge, to read in some degree the mind and purpose of God in the 
creations of his hand. We see in many instances what is actually 
intended by certain arrangements and combinations, — why, and" 
for what end, objects are constructed in a particular way, and how 
it is that trains of events are made to follow in one uniform order 
rather than in any other. The universe, we discover, is not only 
hound bylaws pennauent and unchanging : the laws themselves 
have an end to serve, a particular result to accomplish. Accumu- 
lations of matter are brought together with a definite precise 
view; living substances are constructed with organs suited to 
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their conditions of existence ; relations of sii, earth, and water, 
are established, which nicely answer the functions to be perform- 
ed ; and in ten thousands of eases are manifested the fonn, size, 
position, qualifies of hardness, softness, and cohesion an the indi- 
vidnal parts whicli can best secure their own special well-being 
aioEg with the general conservation of the framework to which 
they are attached. How admirably, from age to age, do the 
organic as well as the inorganic structures of the geological narra- 
tive illustrate the truth of these remarks, where the manifesta- 
tions of design are as numerous as the objects of creation, and as 
legible as if Grod had written their import by his own finger ? The 
oldest, equally with the newest, book of nature, discloses the re- 
cords of Ilia will. We read them in the varied language traced 
and stereotyped upon their stony leaves. And in perusing the 
diversified contents of this wondei-ful volume, we cannot rise 
without the conviction that the being, attributes, and character 
of its Author, are brightly and indelibly impressed on every 
page. 

The argument for the existence of a BEaieHmo aseht in the 
creation and arrangements of a material world, may be thus illus- 
trated : A rude, unshapely piece of stone — say the *' stone upon 
the heath " — does not at once impress tiie spectator with tlie con- 
viction that it was made and placed where it is, by a designing 
intelligent being. But let it he chiseled inte form, give it sym- 
metry and proportion, and he immediately concludes that this is 
the result of skill and intention. Look at a piece of machinery — its 
framework of wood — its springs of iron— its wheels, beams and 
axles, composed of different metals, and an'anged in different 
forms — and the inference is irresistible, that neither the forest, nor 
the quarry, nor the mine, yielded the materials in their present 
shape, nor combined among themselves to put them together. — 
Reason seeks for a different kind of agency, and esperience tells 
that the mind and the hand of man have been there. We see 
water converted into steam, the steam brought into contact with 
a piece of metal, the vapor confined within an inelostue and acted 
upon by a condenser ; and through means of this simple arrange- 
ment and tlie application of this natural power, duly regulated 
and sustained, we discern the triumph of nund over matter — ^the 
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marvels which human industty and intelligence have been able to 
achieve. This combination of materials is not a thing of life- 
Chance has produeed noae of these arrangements. The whole is 
the result of design, of ^ming intention, of calculating intelli- 
gence. Examine the telescope, its apparatus of lenses, reSectors, 
and mirrors ; look through that narrow tube as it is pointed in a 
clear starry night to the aaure vault ; and your shout of astonish- 
ment, when you first behold the increased magnitude of these 
orbs — their separation into systems and clusters — firmaments 
ascending in gi-adations of brilliancy, one above another — and 
the infinitely remote, studded and glowing with higher and higher 
galaxies — will partake of a mingled feeling of admiralion at the 
immensity and grandeur of the universe — the wisdom and skill 
which combined to frame the instrument that brings within your 
ken, and enables you to gaze on, the glorious vision. 

Now, in nature, we find the same indications of design, the 
same suifrising combinations of skill, instruments framed wifli 
matchless wisdom and the most exquisite contrivance. Nay, all 
here, in every department of creation, leaves human ingenuity at 
an immeasurable distance. No statuary can rival that which is 
exhibited in the rocks, gems, and crystals of the earth. Machin- 
ery is transcendently surpassed, in the forms of every organic 
thing beneath or around, in minuteness, adaptation, and balancing 
of parts, — the steam-engine in energy and power — the ship by a 
more refined and skillfnl equipment of ropes, pulleys, and sails — 
and the telescope is not for a moment to be compared with the 
human eye in the beauty of its construction, the power of its 
movements, the amazing swiftness and variety of its glance. — 
But there is design and intelligence manifested in the works 
of man. They could not arrange themselves. They must have 
had an artificer. Draw near, look unto the works of creation, 
what cumulative evidence of their intelligent author, conclusive as 
the severest demonstrations of science. Man asks for a sign from 
heaven. Ten thousand intimations are given — millions, indeed, 
of miraculous contrivances meet him in every department of the 
universe. 

This earth, however, is not an isolated body in the universe ; 
it forms one of a system of worlds, and its geological history 
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cannot be regarded as complete until we have viewed it in some 
of its more ext«nded relations. The course of creation is traced 
in the planetary system, a series of masses of matter assuming 
one form, moving in one plane, following in one orhital path, re- 
volving around a common center, enlightened and warmed by a 
common sun, and obedient, one and all, to the same great law of 
gravitation. The mighty problem of the universe lias been solved 
upon the simple assumption, that a piece of our earth is like a 
piece of the other planets ; that the properties of matter here are 
as the properties of matter above ; and as tiie laws of motion 
and atfraotion below, so are they on high, and throughout infinite 
space. Astronomy thus derives all its achievements as a science 
iiom the earth, and the cause of the motions of the heavenly 
orbs is ascertained from experiments on the matter of the earth, 
which first led to the knowledge of regular dynamical laws. The 
field of astronomical research, in consequence, is not only the 
most wonderful, but it is also that in which our knowledge is the 
most accurate. Distant and infinitely remote as are the objects 
of the science, there is yet in no other depai'tment of natural philo- 
sophy results of ■ investigation so completely satisfactory, With 
the precision of geometry, and the minute accuracy of numbers, 
the astronomer calculates the particular place of every one of the 
bodies of the solar system, at any particular hour and moment of 
the day. He determines the precise rate of their motions, and 
positions which they occupied in relation to the earth, in every 
past period of their history however remote, and even corrects 
the notations of former observers. He shows their relative dis- 
tances, weights, dimensions, and influences upon one another ; 
estimates the length of their days and years, eccentricities and 
perturbations ; and describes the orbits in which they severally 
move, in their steady unwearied march through the heavens. — 
The undeniable effect of results like these, is to impress deeper 
upon the inquiring mind the conviction of foresight, method, and 
design m the vast system of which the earth is but a part ; and 
as the earth gives lead to, and indicates some of the first lessons 
in, astronomy, so we derive in return a fuller knowledge of its 
various relations and past history than its own single geological 
tables can unfold. 
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I to speculate tbout the mannn ci Deity's 
actings, difficulties at oace meet us m eveiy quarter partly tiom 
our utter iiicapaoity to compiehend and paitly fiom the imper- 
fections of liuman language to express — even were oui eompre- 
hension adequate to the task — the ciential qualities, of Deity 
himself. "As tlie animo, mundi the ancient? repieaented the Divme 
Being, as both the active and self moving pnnciple in nature and 
Ukewiseas passive, and acted upon by the external world Newton, 
in order to express lis idea of the Divini- omnipiesence, employed 
the term smsorium, as denoting the mode m iihicli he waa 

enabled to perceiTO whatever paased in tpave fully an 1 intimately. 

And whUe nothing was farther from the mind of the great philo- 
HopLer than the ascription of bodilv orpins to the DlvmitY he 
had to defend himself from much bitter and vehement controversy 
in consequence. Equally liable to misrepresentation, and from 
the same cause— the imperfection of language — was the manner 
in which Newton spoke of the eternity or infinity of tie Supreme 
Being, as if te regarded him as present in all parts of time and 
space by diffmiim : whereas his notion simply was, tliat since He 
is necessarily and essentially present in all parts of space and 
duration, space and duration must also necessarily exist. Dnrat 
semper, et adest uhique, et existendo semper et ubique, dura- 
tionem et spatium constituit, — is the tenet which he held. 

Ho less difficult is it to express correctly the inference wHch 
we may le^timately deduce of the pbesonalmy of the Godhead 
from the works and course of creation. And yet the idea is 
immediately consequent upon the conviction of a Divine existence, 
ajid is inseparable from it. The conception of both is necessaiily 
involved in the same process of thought. Wherever we trace 
the actings of mind or of intelligence, the impress of design or 
the operations of a discriminating, discerning cause, reference is 
at one and the same iastant made to a distinct personal subsist- 
ence. Power, wisdom, and goodness, may, indeed, be regarded 
in one way as afetract qualities. We can reason about them, 
and hold them up to our contemplation, as something distinct or 
different from the bodies in which they reside. Hence all our 
speculations respecting the laws of nature, the primary and 
secondary qualities of matter, the relations of cause and effect, to 
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whicli principle of abstraction in man tlie varioui scieneea owe 
their origin. The inductive philosophy is entiielj built upon it. 
The creations of poetry, the peophng of the streams, groves, and 
mountains, with the ideal impersonation's ot fancy are derived 
from the same source; while, by lifting us above the dominion 
of mere sense and attention to our physical wants, our spiritual 
energies are thereby awaliened, and tlie soul enabled by its own 
inner visions to hoid communings with new worlds, and to anla- 
eipate a new life. 

But the principle of abstraction does not stop here. It both 
separates and combines. While it deals with the inferior mani- 
festations of ideal qualities, it unites and embodies into one — links 
tie universe to its Creator — represents him as the cause of all 
causes, the source of all power, and the fountain of all life ; out 
of whose boundless, illimitable essence is the efflux of aE being 
and existence. The ancients erroneously clothed their concep- 
tjons of Godhead in human shape, and multiplied the number of 
divinities to accord to the varieties of human passion, making 
gods many, aa there were principles of good or evil in their own 
hearts ; but still their superstition had a reality and foundation in 
nature. Their mythology had its origin in a true, though cor- 
rupted, theism; and giving form and locality to their numerous 
divinities, they but obeyed the dictates of that sentiment of the 
inner man, which, in unison with the voice of all creation, pro- 
clwms the existence of a Being whose personal subsistence and 
personal superintendence we necessarilT associate with the laws 
and management of natui H is th m his w k th 

Director as well as autho 

The Uhitt of the Divi B fliw 1km fm 

an extended observation f th ft Th b t 

one God, as there is b t y tem f t e — m rs 

where the same law wh h tsp II te tlld p 
vades all space, rules o tiplts dg^ jtmf 
worlds in their courses. d p t 1 to th tru 

ture of the earth show, titth mi h b pt 

there, as are stiE traced p g h th urf 

Similar organic forms w t th 1 t (. d b g 

endowed with simEar instj ta p f io ng th If am fu ti ns 
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in the economy of nature, with fieir living types of tliB present 
day. The air, the sea, the earth ; plants, animals, and man, are 
under one scheme of providence. The seasons are uniformly 
successive. Year to year we see the same causes in operation. 
Time rolls on; changes, vast and progressive, have been effected 
in the moral as well as physical aspect of the world, while bodies 
rem^n essentially what they were before, the conditions of sentient 
existence unaltered, and man occupies the same high intellectual 
position in the great scale of being. The same government thus 
maintains over all ; tte parts shifting and changing, the whole 
stable and collectively advancing ; bound together by one invi- 
sible chain, and moving in obedience to one great principle of 
destiny and superinteuding will. Hence, upon the presumptioQ 

that the character of the works determiaes the character of their 
author, the intelligent power which presides over all this must 
necessarily be one. Since creation in its elements, arrangements, 
and means of general Siarmony, is constructed upon a plan, 
and since that plan manifests tlic most perfect order — deviations 
controlled within limits, and convulsions only contributive to 
its greater stabihty — the inference cannot be resisted, that the 
Creator is essentially one in his being, as he is undivided in his 
purposes and actings. 

When we narrow the field of inquiry, and look to man alone, 
in his relation to the external world, and the cliaracter of his 
moral constitution, the conclusion becomes still more decided and 
apparent. Here we see that the last of created beings is not only 
the highest in the scale, but likewise in the most perfect and 
extensive unison with the general scheme of nature. He spreads 
himself over the whole face of creation, is capable of enduring all 
cUmes, of deriving sustenance from the products of all countries, 
conveniences and the means of improvement from the rocks of all 
ages. If we cannot demonstrate that this earth was made exclu- 
sively for man's use we can stdl cleiily shon that he participates 
more largely in its i anous products than any of its other inhabi- 
tants, while it furnishes not only to the individual, but to the 
race, generation aftei geneiation the amplest field of mental 
and moral cultivation of which their natures are capable. The 
God of the outward world is also and pre eminently, the God of 
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man's inner being He who created tl e light liiewise f rmed 
the human body The pottei of the claj fashioned and qmok 
ened the immatenal spint The contioller of um\eisal nature 
reigna supreme m the dominion of the bou] The power that 
binds the planets m then orbits gives law to the consuence con 
straining it to acknowledge in its perception of truth and homage 
to virtue the revejence tl at s di o tt the One R ghtco is Governor 
over all. 

Contemplated under tl Iitfei aidmjit importait a=pectof oui 
nature, we are biought m fact into immediate communication 
with the undivided Author of our being Ihe lde^ oi many is 
excluded in the coaviotion that truth and duty are one and unal 
terable. The gravitatmg principle m matter is not m reunnetsal 
in its operation, noi moie distinct in ib constraining influence over 
all bodies, than is the principle of cohscibnob in referring the good 
and evil of all actions to the standard of rectitude and tribunal 
of a righteous judge. Tribes, the most remot* from each other— 
the most debased in ignorance — the most polluted in guilt — agree 
in this common attribute of huiaaiuty Manliind do not, indeed, 
acknowledge one and the same standard of moraUty, and in 
rehgious observances there is the utmost diversity of opinion and 
practice. But the sense of duty, the feeling of moral and religious 
obligation, is universally discrimmative of the humau family ; the 
sentiment of right and wrong is engraven indelibly on all human 
hearts. And, amidst all the ignorance or misconceptions that 
may prevail as to the merit or demerit of particular actions, the 
moral principle points but to one foundation of truth — the One 
Supreme — the Lord of conscience as of creation. 

The pBEFBCTioNS of the Supreme Being are, in like manner, as 
distinctly noldfled in the works of creation as the fact of tiie mere 
esistence of a designing Creator. The immensity of the universe 
clearly demonstrates the power in which it originated, and by 
which all its movements are still sustained, guiding the infinite 
systems of celestial bodies and the geological revolutions of our 
own planet with the same ease that it watches over and upholds 
the minutest objects in existence. There is no exhausting nor 
Tfearing out of the energies of nature : the arm that reared, still 
directs the stupendous fabric ; and as skill and contrivance are mani- 
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searching intellect, all formed for use, all rich m beauty, all indi 
oative of beneficence. There is not utility alone interwoven, but 
an inimitable loveliness panted on the fa«e and stamped on every 
department of nature; while creatures innumerable, of various 
orders and of different structures, present themselves to our view, 
■which, by their creation and preservation — by the powers they 
possess, and the enjoyments tiey attain — proclaim the liberality 
of their author to be boundless. Nay, the inanimate parts of 
nature bear testimony to the same truth ; the sun warms and fer- 
tilizes the earth ; the earth affords nourishment, and furnishes a 
convenient dwelling-place to the various living creatures that 
inhabit it ; and thus dead matter, in all its arrangements and 
under all its past changes, by being framed in subserviency to the 
happiness of living and intelligent beings, clearly e\mees the 
goodness of its Creator. But to Man, in addition, the mspiration 
of the Almighty has given understanding, and has ccnstitufed 
him supreme in this lower world. Whoever considers hi'! nature 
and condition, the make of Ms body and the constitution of his 
mind, the provision that is furnished for the supply of tis. inimal 
wants, the objects that are provided for the improvement of his 
intellectual faculties, and the scope that is afforfed for the eieicise 
of his moral affections, must acknowledge that, if the goodness 
of God be manifestly displayed in the other works of his hands, 
it shines with peculiar luster in the creation and preservation of 



Thus, step by step, we rise to the loftiest conception which the 
human mind can embrace — the conception of a God — the person- 
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ality, unity, and perfection of liia being. How the conception of 
a Creator is formed, we cannot otherwise describe than, by saying, 
that it springs up in the mind immediately upon the perception 
of an external world. It is not so much an exercise of reason, or 
elaborate effort of the understanding ; but is rather a direct 
impression, traced at once upon the soul, as the image of Deity 
reflected from his worts. All men possess it, for all men are so 
constitnted, that they cannot look upon creation without the idea 
of a Creator accompanying and flowing from the act. The con- 
ception will be obscure, vague, and indistinct, according to the 
capacity, improvement, and general knowledge of the individual. 
But tlie conception is there, as necessarily as the effect follows the 
cause, the shadow tte substance, the image the object which 
occasioned it. The heavens dbcijABBi the glory of God, tlie firma- 
ment SHOWS his handiwork, the earth bears the traces of hia path. 
And just in the degree in which, we study and examine his 
works — their uses and adaptations — their infinite variety, propor- 
tions, regularity, and magnitude — are our convictions of his 
existence deepened, our admiration of his being and attributes 
enhanced, our feeling of security under his rule strengthened, 
and our sense of obligation and responsibility increased and 
solemnized. Ignorance does not obliterate the sense of Deity ; it 
confuses and multiplies tiie image of his existence : it leads to 
polytheism. Knowledge brightens the picture, and represents 
the Ci-eator, as reflected in. his works, excellemt, olobioits, abd 

IHI'IHITKLT FBBFBCT. 
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GLOSSARY OF SCIENTIFIC TEEMS. 



ACCRETION, Increase of size or 
growth by the mechanical addition 
of new particles. 

AoLiNio LiN^. The magnotrc eqnator. 

AaOTTLEDONOna. Plants having do 
eeed-lobea. Mosses and ferns be- 
long to this division, and most of 
the coal plants aieacoty^ledonoua. 

AorvHOLTTB, A^reen mineral fonnd 
chiefly in primitive formations often 
crystallized in six sided prisma, 

Aebolites. Stones which appear to 
have fallen fn]!!! the higher parts 
of the atmosphere. They are Bome- 
times culled Meteorites. 

AiQ-E. A division of plants includ- 
ing the common sea- weeds. 

Alukinous. Containing alumina, or 
rather silicate of alununa, which is 
the base of pure clay. Thus, alu- 
niinoua means dayey. The word 
is, however, sometimes used in the 
sense of containing al«m, a sniphate 
of alumlnSi and potash. 

Ammonitb. a foBBil genua of many- 
chambeted shells allied to the Nau- 
tilus, named from their resemblance 
to the horns on the statues of Jupi- 
tej' Ammon. 

Amoephous. Widiout regular form. 

Amokphozoa. Animals without defi- 
nite form — sponges. 

Amygdaloid. Almond-shapad. Any 
rock is called by this name which 
contains rounded or elongated min- 
erals imbedded in some simple 
mineral or base. 
AHYGDiioiDAL (In caineridogy). A 



Analoiue is found in granite and 
gneiss rock — generally in culwa of 
various ooloi's. m 

Anakohyhs. a genua of fossil echini 
or sea-urchins — in the chalt, Ac. 



ANCHytosiS. (Or., crooked), a joint is 
said to be anchylosed, when so dis- 
eased oa to become, or when it be- 
comes, stiff or immovable. 

AuMEttpjE. (Annulns, a ring) — La- 
marck's worm-shaped animala, as 
Serpula, vermilia, die. 

a. choracterietic genus of a group of 
eiitinct quadmpeds found fossil in 
the older Terljaiy deposits, amd 
nearly allied to the tapir and pig. 

Akticiibal. Or Anticmal axia. A 
saddle-shaped position of rocks, &e 
result of disturbance. 

ApiooaiNiiB. Pear-shaped crinoidea 
— lily-shaped animals. 

Aqueous. That which ia dependent 
on water. Aqueous rocks are those 
produced by deposit from water. 

A^onsscEHi. Branching like atree. 

AHENiOEons. Sandy. 

AEOENTifEEOiis. Containing silver. 

Abbiliaceobs. Olayey. 

AttTioDLATA. Anataral division of ani- 
mals having their limbs articulated 
or jointed together, like the lobster. 

ASATHDS. An obscure genus of fri- 
lobites. 

AsGESTUs. A fibrous mineral of 
which an incombnSlJble cloti, is 



AuGiTE. (6r., luster) — a mineral. 

Basalt. An igneous rock, often co- 
lumnar and supposed to he ancient 
volcanic lava It is the most com- 
mon of the group called Traji- 

Eed or Steatuu. A layer of mafeiial 
the whole of which exhibits soma 
common character. 
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Belehniti 
probably the ancient repiesenCatiTe 
of soma of oiu' cuttle-fish. The 
shell is eonioal and cliambei'ed. 

BsLijitopHox. A small cbambered- 
aheU like the Ssatilaa. 

EoTBTOicAL (in MineTslogy). OJiist- 
ei'ed like a bunch of grapes. 

BttAOHioEODA. A group ofshell-bear- 
ing animals having two long spiral 

tJon and for other pmposes. 

O.BLaj34HTHDs. A fish of the Devonian 



Oalauus. 



il reed-like plant, 

atone of tlie Older Tortiatj period, 
found in the Paris basin. 

Oaioaibe siLiCTUK. A Compact Bili- 
cious limestone somelimes replac- 
ing the calcaire groasier. 

Oaloabeous. Conbumnglime. 

Oamkmah. Belonging to Walsa. The 
"Cambrian, system" in Geology, is 
a. name suggested by Pcoiessor 
Sedgwick, to deaignate pait of fie 
Silurian serieB of iTotth Wales. 

CAEiPiOE. The upper sheli of I'Cp- 

Cabbonifehoub. Containing carbon. 

Oaehitoeous, Flesh -ealing. The 
" Oamivora" in Sloology consist of 
a group of animals eminently car- 



of which the Nautilus and Cuttle- 
fish are examples, haying the loco- 
motive appai'atuB immediately over 
the head and stomach, 

CsptiAUiSFis (Buckler-head). A fish. 

Cestbacion, a fish, a genus of an 
extinct family of shaito. 

Obtackans. The whale tribe. 

Ckaloedony. a silioious minend, 
like Oomelian. 

Chaitbeate. Water holding iron in 
solution. 

OnARA.CiiAKAcni,^, An aquatic plant 
fossilized. 

Cheirolepis (Thorny scale). Afossil 

Chelonia. Sea tortoise. 



Ohcbkopotamus. An extinct quadru- 
ped found in the Eocene of Eng- 

OHEiEAOAHTniTs(thoi'ny hand). A£sh 
of the Old Ked Sandstone. 

OmsHiPEDA (hair feet). Balanns — 
Coronula; Anatifa are of this 

GusouErsa. An insti'ument for mea- 
suring the dip and determining the 
strike of beds or sti'ata, 

CoAL-MEAsuKES. The whole group of 
deposits, couaiatine chiefly of sands 
and shales, with which coal is usu- 
ally found, 

Ooooosteus. (6r,, berry on bone) — 

COLEOETEHA. Beetles whose wings 
are covered with a hard sheath. 

CoLUUNAK, An'anged in columns, 

CoNOHiFEKA. One of the great divi- 
sions of Conchology. 

CoNOHoiDAL. Eesemblin^ a shell. 
Used in Mineralo^ to designate a 
paitioulai kind of fracture 

OoNnYLE. A knob at Hie end of a 
bone, a joint 

Conjormable WLen the planes of 
bedding of two aucoessive beds or 
ab'ata are paiallel to each other 
tbey are said to be conjmTtuible ; 
when not paiallel they aie anctm- 
foTmabte, 

CoNCENsna, Species belonging to the 
same genus. 

OONClOifKEATB or PuDDINEBTOKE. A 

rook made up of rounded water- 
worn fragments of rock or pebbles 
cemented together by another min- 
eral substance. 

CoNiffEBS. Trees that bear cones, as 
the pine. 

OoPttOLiTE. Thefossil remains of ex- 
crement. 

CosMioAL. Relating to the universe. 

O0SMO610ST. The word formerly ap- 
plied to speculations concerning 
the earth's age and history. 

OOTjXEDOKOijs. Plants whose seeds 
have but one lobe. 

Obao. The name given to certain 
Teitiary deposits in Norfolk and 
Suffolk, 

CunrAUEOUS. Belonging to the ehaUc. 
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Caisoij). Belojigiiis to tlie encriiiite 
family. 

Qnorpiwe our. The out-nvp of a bed 
is its £rst appearance at the surface. 

CRnsiAOKANH. Belonging to Hie Grab 
or lobster family, <&c. 

Oryftooamoub. Plants ■withont ap- 
parent flowers. 

OEifftiL. The regular form in which 
a mineral U presented when that 
form can be deseiibed mathemati- 
oaUj. A mineral is said to be erye- 
ialline when its atoms are an'anged 
with reference to some definito 



OiENAOANiBUB. Belonging to the 

Flacoids. 
CiENOiDS. FishoB with comb-ahaped 

CrsNOPxycHnis, A fiah of the chaJk 



OuLM. An impure kind ot coal. 

CuMBaiAN. Oooun-ing in Onmberland. 
The ■' Onmbrian System" of Prof. 
Sadgffiok is a pait of the Silurian 
series of the Lake district of Onm- 
berland and Westmoreland, 

Cyoadr*. Fossil plantB of the coal- 



Cyclas. a small bivalve shell recent 
and fossil. 

Cycloid. Marginated scales. 

Deems. The fiagmects of rocka re- 
moved by tto action of weathering 



Deliquescent. Becoming fluid by 



the 



ofw 
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DEtri. The alluyiai land formed by 
a river at its mouth, usually ex- 
panded in a fan shape like the 
fourth letter of the Greek alphabet 
( A ), and thence called Delia. 

DmtonATiow. The act of laying bare 
rocks formerly covered up, tine re- 
moval of the overlying masaes be- 
ing effected by water. 

Dehmai. Belonging to the akin. 

IhiTBiTus. Matter rubbed off by me- 
chanical action from other rocks. 

DiALLAOB. A mineral. 



DiDEiiPHia. A pouched animal, as 
the Opossum. 

DiNOSAuRiA. Laud lizards — only 
found fossil. 

Dip (in Geologjf). The angle of in- 
clination which the plane of a bed 
makeswiththeplaneof the horizon, 

DiPioPTEiDB, DrPLODUB, and Diplo- 
cANTHua. iFishes of the Devonian 
or Old red sandstone. 

DiETEaus (having two ivinga). Afiah 
of the Old rea sandstone. 

Dodo. A large bird once foi«id in 
the Isle of France, bnt now extinct. 

Dolomite. Crystalline carbonate of 

DvKS. A rock, generally crystalline, 
occupying a rent or fiasme in some 
other ana older rock. A dyke dif- 
fers from a mineral vein chiefly in 
its greater magnitude and in tbe 
absence of ramifications. 

Dyhamios (Gr., power). Uaed in me- 

Having a skin liie 

Eefiorescinoe. The torm used to 
describe the falling to powder of 
certain minerals on esposure, 

KunovciivnE. The mouth of a gieab 

EsAxioaAnaiA, Plisiosaukus and Pli- 
osAuuns. Marine Saurians, as the 
Ichthyosaurus, 

Enoeimitb, Stone lily. 

EHDoaKNODS. Plants that increase 
from within, as lilies, grasises, and 
among trees, palms. 

Entohobibaoka, Oceof Cuvier's sec- 
tions of Ornstaceans. 

EooENE. The name given by Sir 0. 
Lyell to the lowest and oldest divi- 
sion of the Teiljary series of rocks. 

EiiuisETUM. A plant, fossil and re- 

EsoAEPMEKT. The steep face of a 
mountain chain or a ridge of high 

EsoQENODS. Plants which increase 
tieirwood by external additions or 
rings of growth. 

Exovi^. A name sometimes given 
to all fossil remains fo\md in the 

Fauna. The whole group of animals 
peculiar to a country or natural 
region at some one period. 
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Fkkj. (Lat,, Felices), aclasa of cryp- 

togamous plamta. 
Fissile. CapaMe of being epEt asnc- 

PmsTaA. A parasitic zoophyte or 

and filiells. 

Pjscal sediment. Dregs, excromeat. 

FoBAtimiFEBA. The name given to a 
group of many-chambered shells, 
gonendly miorascopic, the oham- 
bere communicating by a small 
open orifice (foramen). 

Fossil. A woid oiigiually applied to 
&U substances dug out of the earth, 
including therefore all minerals, 

to tbo TBuiaiiis of organic beings, 
■whether T^taUe or animal, bu- 
ried beneath the euiface. 

FosaiLiFEROus. Oontainiug fossils or 
organic remains. 

Fbith. a deep and comparatively 

Fbonds. The leaf cf a fern is called 
a fi-ond. 

FuooiD. That ■which I'esembles a fa- 
cta, or seaweed i — fossil remains of 
fuel are called fucoids. 

f uaiFosit:. Spindle-shaped. 

OrALBSi. SulphuiBt of lead. 

Qakoid. a group of fishes having 



Qastebopoda. a group of shell-beai"- 
ing animals covered by one valve, 
and having a fleshy foot attached 
to the belly. 

Gauw, Abluish clay xmderljing the 
Cii^k and Upper green sand in 
England. 

Qs-ViAL. A species of shark found in 
fhe Ganges. 

GaoDES (in mineralogy) a round hol- 
lo^w stone whose cavity is usually 
filled ■with crystals. 

GiAois. A gen^ sloping bank. 

Oltttoibpis. {&■., carved scale.) 

Gltptopomub. A Devoniftn fossil fish. 

Gmeiss. The name given to . 
of quai-tz, feldspar, and mici 
■which there is a laminated 
rangement of the difFerent ingi 

OoKlAlrrES. Chambered 



Geahitk. A rook consisting gene- 
rally of ciystals of feldspar and 
mica imbedded in s, qiiartzy hase. 

Giiiuisai. Grasses. 

Gbattoutes or Se4-Peb3. Fossils of 
the lower Silurian system. 

Gbadwacke ov Qkaywaokb. The 
name given by German geologists 
to some of the older fossiliferous 
rooks, and generally of a gray color, 
sandy composition, and fissile na- 

Qryphle. Fossil bivalve shells found 

in Oie Lias, i^. 
Habitat. The natural district to 

■which a species 
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Hbxahbdeal. Havinesix equal sides. 

HEiEnooEacAj:.. Applied to the tail 
of a fish, means that the npper 
lobe extends farther thai^ the 

Hetbbopoda. An order of univalve 
moiluscB, -whose feet form a kind 
of fin. 

HoLOPTYOnius. A Ganoid fish of the 

IIoasBi.KNDE. An important mineral 
in the composition of some rocks. 

HoMOCEKOAi. Applied to fishes 
having equal iobed tails. 

HoRiraroNiii. A variety of quartz 
found in volcanic districts. 

HvALiHE. Transparent like glass. 

Hyuosaubds. Fossil lizard of tie 
Wealden. 

HTFEBSTKETiB. A minei'al. 

HvpooiNE Rooks. Rocks fonned be- 
neath othei^s or ■which are assumed 
to have obbtined their present as- 
pect underneath the earth's sur 

IcBncyoDOBtiLiTE. The fossO spine 
of cei'tain fishes resembling sbaiks. 

—— Pragmeutfi of the 

1 fishes. 

The study and de- 






lOBTCVOl. 

bones of foss 
IcHTuroi-oar. 

scription of i 
I0HTHY09.U11US. A ma 

(fish-lizard), ■whose 1 

very abundant in rooks of the 

Secondary period. 
loNEOUS KOCKS. Roclts, Such as lava, 

li'ap, and some others ■which have 

been fused by volcanic heat. — 
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Imdbioateb. CoTered -with scij.es 

oyerlapping each other like dies on 

the roof of a house. 
iNocERAiins. A bivalve of the chalk 

fonaation, 
iNoaaAHic. Not produced by vital 

action. 
Ikvebtebbata. Animals not futuish- 

ed with a bade bone. 
JmjocB (in botany). A rush. 
LACEttiiAMB. lizards. 
lutoiranuKS. Belonging to a lake, 
LiQooH. A salt-water lake, or part 

of a sea nearly inclosed by a strip 

of land. 
Xjahihated, Arranged in tbin plates 

or Uaitina, 
Lkntioitlak. LenB-shaped. 
LEHDOniES. Extinct fish of the 

Oolite formation. 
IiLAHDEiLO FLAGS. A dlTision of the 

lower Silurian fonnation of Murchi- 



occnrrine between . 

red sandstone and the Ooiiu:. 

LioBEOBS. Woody. 

laesiTS. Wood converted into an 
imperfect kind of coal. 

LnHOLooT (liihoa, a atone; logos, a. 
dlBconrse). Description of stones. 

liTTTOaAL. Belonging to the shore- 

LoFHioDON'. A fossil animal allied to 
the tapir. 

Lyoofodium. a ciTptogamous plant. 

Macaijco. a fouriianded animal al- 
lied to the Ape family. 

Hamualta. Animals that suckle 
their young. 

Mabl. a mixture of clay and lime, 

Makbutial. An animal having a 
pouch, as the kangaroo. 

Mastodon. A gigantic extinct quad- 
ruped reserobline the elephan' 



bedded. 
Meohanioal Rocks. Socles formed 

by deposition from water. 
McQALOSAuaus. A gigantic eidinot 



Metauobfhio Boceb. Hocks that 
have undergone change or meta- 
morphosis since tlieir original for- 

Metatabbai. The part of the foot 
between the ankle and toes. 

Mbteoroiosv. The science of the 
phenomena of the atmosphere. 

Mjci aiATE. Is the lowest stratified 
rock except gneiss — it is unfosBili- 

MiocEKB. The middle of the three 
divisions of tertiary roeks, accord- 
ing to Sir G. Lyell._ 

MoLAssE. A provincial name for a 
sandstone associated witli marl 
and conglomerates, found abun- 
dantly in the gteat viJley of Swita- 



isoflx 
MoLLnsoA. A division in Ooncho- 

MoKOMYABiA. Bivalve shells having 

but one adductor muBcle. 
MoBAJifE. A Swiss term for the dfi- 

bris of rocks brought down into 

valleys by glaciers. 
MiBioAcis. Plants of the Gale family. 
Mytilus. A marine shell, the mussel. 
Nbukoftebis. a fossil fem of ilie 

coal-measures . 
ITonuLE. A rounded irregular-shaped 

tfuoLsus, The solid center, about 
wliich matter is often collected to 
form solids. 

NtruMtiLiTES. A group of foramini- 
ferous sheUs, some of them of large 
size and very abundant, occurring 
in rooks chieiy of the oldest ter- 
tiary period. 

OoUTE. A limestone composed of 
rounded particles, like the roe of a 
fish. The name Ooiiltc is applied 
to a considerable group of deposits 
in which this limestone occurs. 

Oroahio. Exhibiting; organization, 
or the rasnlfs of vital force. Or- 
ganic remains, or Jassili, are the 
remains of the animals and v^e- 
tables of a former state of existence 
found bi.u'ied in rocks. 

OBNiTiiic. Kelating to birds. 
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